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Preface 


Our understanding of the basic principles in\ol\ed in and their 
applications to breeding animals has been increasing at a rapid 
rate during this centurj’ Each re-vised edition of this book is an 
attempt to keep pace nith this increased information In a field 
as young as animal breeding it is natural that there should be 
differences of opinion as to the best application of basic princi- 
ples to applied breeding It is logical that I should put my own 
Mews m the foregiound since these conMctions are the results of 
my ow n expenencers, obsen, ations, studies, and meditations This 
I have done , to do otherwise w ould be a negatu e approach 

This edition, like the previous ones, was prepared primanlj for 
a beginning cour^^e m the teaching of animal breeding at the 
college level I^ is intended that the student should have had a 
beginning course in genetics and some basic study in biology I 
am well aware that not only students but all of us forget and 
fail to apply basic information to practical problems, hence as in 
previous editions this one contains a revnew and suggested appli- 
cations of genetics and the physiology of reproduction to the 
breeding of animals 

I have also attempted to write to and for the progressive prac- 
tical breeder ISIanj men in the field are anxiou's to widen tlieir 
understanding of animal breeding This and the above para- 
graph naturallj include the agricultural high school teacher and 
the agncultural coimtv agent 

The more introductorj portions of the book have been left 
much as thej were, but additions and substitutions have been 
made The discussion of letbale v\as revi'sed The chapters on 
Selection, Effcctiv cnc'ss of Selectum, Inbreeding, Crossbreeding, 
Purebred Breeding, Fcrtihtj, Artificial Insemination, and Build- 
ing Superior Germ Pla^sni hive been coraplctch' rewritten All 
were rewritten to include recent contributions to the field The 
chapter on Building Superior Gcmi Plasm was expanded ma- 
tcniliy 

In preparing thi'^ edition I have been aided inntcnallj bj my 
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tno colleagues, Drs J N Cummings and ^^jlharo Rempel, each 
of ^shom supplied t^^o chapters and in addition made manj \alu- 
abk suggestions and agisted in editing the manuscript I appre- 
ciate the gencrositj of other autliors and publishers in permitting 
the use of the illustrations 

Laurence M inters 

it Paul Minnetota 
January 1954 
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CHAPTER I 


The Economic Importance of 
Animal Improvement 

Farm animals fill an important place m man’s scheme of life 
Their function is to con\ert raw materials into more refined 
products which are of more direct u^e to man Rough feeds are 
of little, if anj, direct u^e to man, but when animals ha\e con- 
\erted them into meat, milk, and wool they become practically 
indispeii‘'able to modem man’s existence !Meat and milk possess 
nutritive properties not a\ailable in plants, man has found 
many special u«es for wool and fur 
It, therefore, becomes the function of a sound animal hus- 
bandry to produce these xaried animal products as economically 
as possible Animal breeding is only one of the steps in the 
process of animal production but, as it is the first step, it is fun- 
damental to a sound animal husbandry As time ad\ances it 
becomes increasingly important for the comersion of raw ma- 
terials into animal products to be made more and more econom- 
ical One reason for this is that, as the world’s population in- 
crea'ses and the ''oil becomes more worn, increased efficiency be- 
comes of increasing importance Another reason is that competi- 
tion from synthetic products and foreign agriculture are con- 
stantly on the increase 

Substitutes for Animal Products During recent years many 
synthetic substitutes for animal products ha\e been de\ eloped 
Some furnish quite satisfactory replacements for products that 
were once thought obtainable only from animals Several of the 
■\ itamins that w ere once obtainable only m animal products are 
now being made in laboratories Clothing is being made from 
glass and wood 

Synthetic products haxe introduced many interesting ty^pes of 
substitution •vegetable oils and animal body fats ha^c been sub- 
stituted for butterfat, ca«cm for wool, soybean protein for ca«cin, 
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2 The Economic Importance of Animal Improvement 

and >cast ior lean meat Lc-s expeusi\e furs, including Iamb 
pelts, are being made to imitate racpcnsiae furs 

Fortunately for the animal producer, all thc»e substitutes ha\e 
proied, up to date onlj substitutes, public demand has contin- 
ued to prefer the original e\cn at substantially greater costs, in 
man} instances, bccau'c of the infcnoritj of the substitute ar- 
ticle, and in other instances, because of fla\or preference On 
the nhole, honcicr, s}nthctic products gi\e indications of pro- 
\ idmg continued competition rather than more outlets for ani- 
mal products As technology improics ne may expect more sjm- 
tlictic products of improied quaht} at still loner costs 
Foreign Competition Tlie livestock producer like every other 
producer is alna}3 confronted nith the competition of producers 
in other countnea Tins has become increasingly true nith im- 
pro^ tment in transportation Modem tran«portation has brought 
ncarh all comers of the norld into competition nith each other 
The nation on an importing ba«is can bolster domestic prices 
through tanfTs Honc'cr, the general histoiy of tariffs on food 
pfwlucts fhons that once a nation is on a permanent importing 
ba«is A high tariff b^'cemes unpopular nith the majority of the 
population, and the tanff is rcmo\ed or lowered The historj of 
the famous ‘Com Laus’ of Britain illustrate this point ^c^y 
ndcqualcl} That «hou!d «ound a warning to Araencan fanners, 
c«pcciall> the li\e«tock fannors that m the long run their best 
moan*^ of retaining a prominent place m the sun is through an 
lmpro^cd ogncullural tcclmologj 

The Livestock Industry a Large One The Inestock indus- 
tr} of the United States is large As both monetary ^alues and 
h\c«tock numbers fluctuate, it is jmpo«*ible to be specific regard- 
ing the monctar} ^aluc« or the numbers of farm animals The 
total lnc«tock numbers for tfie Lmtcd States run about 70 000,- 
000 cattle, SI 000000 hog« G5000 00Q sheep and latuba, djOGO,-* 
000 mules, and 10,000000 horM?« This constitutes a luige basic 
industr} m itself and dependent on it are the meat packing, the 
dairj miDufactunng and the woolen industries, each of nhich 
in turn is a big indu^tr} 

For the entire Umtea Stntea mcr 50 per cent of the faniien’ 
cath ineonte n from the rale of hie ammalg and animal products 
In mant of the bet fatntini; reetions Ineatoek and liic<tock 
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Merit of Average Livestock Too Low 

products are responsible for 80 to 90 per cent of the farmers’ 
cash income. 

Animal breeding is the beginning or the foundation of this 
huge industry'. No structure can be stronger than its founda- 
tion, hence it behooves agriculturists, livestock farmers espe- 
cially, to give special attention to their program of animal 
breeding. 

Animal Supply per Capita Not Large. A high standard of 
living is dependent on an adequate per capita supply of animal 
products. In spite of the huge liv^tock numbers in the United 
States the per capita allotment is not large, and since 1890 it has 
been on the decline. To raise the standard of living thcro will 
be far from enough animal products to satisfy domestic de- 
mands. 

The United States ranks far ahead of the world average in 
this regard. If it becomes possible to raise the standard of living 
in the world as a whole, there will be an unprecedented demand 
for and shortage of animal products. 

Merit of Average Livestock Too Low. This country pos- 
sesses many fine herds of livestock, the equal of any in the 
world. On the other hand, many farmers still raise inferior 
stock. The result is that the average merit of the stock produced 
in this country is far too low. For the country as a whole the 
average butterfat production per cow milked is estimated to be 
only about 190 pounds. It is estimated that the average hen 
in this CDuntr>’’ Jays only 90 e^s per year: a hen must Jay a 
minimum of 120 eggs per year in order to be a profitable hen. 
The average hen is, therefore, only about three-fourths as pro- 
ductive as she should be to make a profit for her owmer and in 
normal times is a liability to her o^mer. 

Only about 84 lambs are raised per 100 ewes, and the average 
sow raises only about 6 pigs, whereas in a high-producing flock 
150 lambs raised per 100 ewes is not unusual, and a good sow 
will raise from 8 to 10 pigs. The average wool clip per ewe for 
the nation is about S pounds, yet it is possible to get an average 
clip of 12 pounds or more. 

The few recorded tests of the efficiency of feed utilization 
show clearly that feed requirements per unit of gain may be 
pared 25 to 50 per cent through the use of improved breeding 
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coupled vntti improi ed management Farm ‘oin ejs hai e «hovm 
that hogs that make lOO pounds of pork from 4o0 pounds of 
feed are perhaps eoraenhat better than the aierage, ^et it has 
been demonstrated that mth cro««e3 of improied inbred lines 
it IS po*®ihk to piotiuce 100 pounds of pork on 300 pounds of 
feed (The foregoing has reference to gains made between 
weaning and market roatunt> ) 

Houeier, the fact that the cfficicnc> of our farm animals can 
be improved matcnall) is encouraging for the future of Inc- 
stock production and proics that it is not necessar> to allow 
either sjnthctic products or foreign competition to up-ct our 
livestock economj, pro\oded ne lake ad\antagc of improved 
technics It is aho encouraging for the dc%elopment of increased 
outlets for animal products WTicreas s>nthetic products ha%e 
been making inroads on animal products, new u«es ha\e been 
found for animal pToduct« This is especially true of milk and 
the glandular organs Price always has an important beanng on 
the utilization of goods, hence, if comparati\c co«t8 are reduced, 
ma> expect a greater demand for animal products 
On the whole it is clear that much remains to be done m re- 
gard to raising the lc>cl of h\e«lock production m this country 
During periods of inflation c\cn the lea=t efficient frequently 
make a profit, but in periods of deflation, or e%en dunng the 
few periods that can be called normal, only the «upenor pro- 
ducers usually ha\e a profit 

Superior Livestock More Profitable Tlie term eupenoi 
h\cstock may comey "omewhat different meanings to different 
mdi\ iduals To the author, superior means a ew e that clips 12 
or more pound® of wool and raises a pair of fa«t-grow ing market 
topping lambs annually , a sow that rai^e® 10 pigs a' eraging 200 
pound® in 150 day s , or a dairy cow that produces 450 pound* of 
bultcrfat m a y car on twicc-a day milking 
b«odland and Pond (1014 and 1945) ha^c shown in farm sur- 
>cys that there is a clo«c relationship between the merit of live- 
stock and ca®h returns Table I shows the relationships between 
lambing percentage and lamb quality w^th returns 

Id «w^nc Kodland and Pond have demonstrated that the num- 
Ijcrs of pigs weaned per litter and the pounds of feed required 
per 100 i>ound« of pork pro<]uced are clo«elj identified w^th the 
returns over feed co«ts (Table 11) 
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Table I Relationships between Pen Cent Lamb Crop and Average. 
Valtje of Lamb to Returns over Peed Costs 


(From Nodland and Pond, Minn Bui S82) 


Average 
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Value of 

of 
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55 

3 78 
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Table II Relationships between Number op Pigs Weaned per Litter 
AND THE Feed Consumed per 100 Pounds op Pork Produced and 
Returns over Feed Costs 
(From J^odland and Pond, Aftnn Bui S79) 
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1 49 
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2 09 
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1 74 
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343 

1 13 
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1 76 
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0 36 




864 

115 

-2 03 


In dairjdng Nodland and Pond also shoR that the farmers -nith 
superior herds arc the ones that reap the greater profit (Tabic 
III). 


Table III Toe Relationship of Butterfat per Cow to Returns o^'Er 
Feed 

(From Nodland and Pond, ilftnn Bui S7S) 


An cragQ 


Butlcrfal 

Number of 

Rclum ON er 

per Cow 

Farms 

Feed 

155 

139 

S20 00 

202 

439 

33 54 

249 

533 

44 32 

293 

2S2 

54 79 

350 

GO 

G5 10 


Tlio nboie liblc"! rbon \cr\ rirarlv, ns lias been nreiiou«Iy 

1 _ I I . i\ ^ rx ^ 1 ? * . 
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and Wilner (1925) m North Dakota, that good li\e«tock is more 
profitable In appraising the«e data it should be borne in mind, 
houeier that the quaht> of li\e«tock bred vas probably not 
the sole factor responsible for the superior performance of the 
stock The farmers with the better producing luestock are m- 
\anably the better caretakers Nc\erthele«s, the better care- 
taker usually has the better bred stock becau-^e he realizes its 


greater lalue 

General Procedure in Breeding Superior Animals The 
farmer’s problem re^olies il«elf into how he is to proceed in 
breeding supenor hiestock How to proceed is a big question 
and imoUes seieral consideration In the pa't mo^t improie- 
ment has been made through focu'ing attention on body form 
Poultry and dairy cattle are two exceptions that might be cited, 
but eien in these two cla'«e3 of li\e«tock much, if not mo«t, at- 
tention in improv eraent has been placed on form or t> pc Only 
%erj recently poultry men ha\e recognized tuo distinct types or 
subgroups u ilhm poultry breeds, namely standard bred and pro- 
duction bred lmp^o^ cment has been accomplished through con- 
centration on type, and much of the Incstock of the nation could 
still be improNcd by gi\ing more attention to form 
The liNestock breeder of the future, the breeder uho is going 
to elevate h\e«lock breeding to neu heights, will need to broaden 
his horizon, he will need to focus attention on other points m ad- 
dition to body form and little details of type As a first step he 
vnW do well to imderstand the fundamentals in\ol%ed The fun- 
damentals mthis ca®e in\ohethc ba<»ic principles of the physiol- 
ogy of reproduction and genetics and their applications to animal 
breeding and, in addition an understanding of sound animal 
husbandry with an appreciation of its many problems 

Animal Breeding Defined Genetics is the branch of biologi- 
cal science that seeks to account for the similarities and differ- 
itiiAtA TOiSovnSfoals The physiology ol repro- 
duction IS that branch of biology which deals Tilth the processes 
by which new indmduals come into being Animal breeding is 
the application of genetics and the physiology of reproduction to 
animal impro\ement In practice it calls for use of both the 
science and the art of breeding for further improvement 
Tools of the Animal Breeder The animal breeder has only 
three ba»ic tools selection ciw^breedmg, and inbreeding The 
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task of modern animal breeding is to acquire mastery of these 
three tools Since the establishment of the breeds attention has 
been focused cliiefiy on selection and on only a small portion of 
selection, namely, show type The modern approach to animal 
improvement is much broader, and selection is based on records 
of performance, perfection of body form being only one of the 
items taken into account 

The purpose of using records of performance is to focus at- 
tention more directly to economy of production In swine, sheep, 
and beef cattle it has been demonstrated that certain animals 
and strains will gain weight on 25 to 50 per cent less feed than 
others The livestock breeder of the future cannot afford to ig- 
nore such differences, in fact, it is likely that in the not far dis- 
tant future he will not be able to exist as a livestock producer if 
he Ignores them 

In record-of-performance breeding, the breeder maintains rec- 
ords of the important items bearing on efficiency of production 
In dairy cattle these items are milk production, butterfat per- 
centage, feed consumption, and regularity of reproduction In 
poultry they include egg production, egg size, fertility, hatch- 
ability, general Mgor, rate of gam, and the marketable qualities 
of the young bird In swine they include size of litter, livability, 
rate of gain, feed requirements, and quality as measured by mar- 
ket standards In sheep the record includes regularity of repro- 
duction, number of lambs bom, number of lambs raised, quantity 
and quality of wool produced, the lambs* rates of gam, and 
quality, from the market standpoint, of the lambs produced In 
beef cattle regularity of reproduction, rate of gam, feed costs, 
and merit of the animals produced for block purposes arc the 
points to be considered 

Except with daily cows not many breeders arc in a position 
to maintain a detailed record of feed consumption per animal or 
per litter The const^uctl^e breeder of the future will need to 
keep the other records indicated abo-sc Progress has been made 
by selecting on the ba«!is of form, but it is quite clear that m 
producing our best animals we ha\c ad\anccd as far as possible 
by pn«t methods 'Witli the aid of records, howe\er, the breeder 
wnll be able to select breeding stock on the basis of performance 
and thercb^ do a better job of breeding more useful animals 
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Oddly enough^ more progress has l>ecn made m getting the 
producers of commercial stock than purebred breeders to main- 
tain records of performance This perhaps is not odd since onl> 
about 3 per cent of the lne«:tock is purchml, >et tins situation 
should be reversed and it should not be nccc««ar> for the com- 
meicial producer to mamtam detailed records A national ob- 
jective should be the development of strains of •seed stock sufii- 
ciently bred for production so that the commercial producer 
could buy sires of this or that strain with the same degree of as- 
surance that he bujs a bu«hel of h>bnd seed com or a buehel 
of an improved variety of oats 

Crossbreeding and inbreeding were both u=cd in the founding 
of the breeds but later thc> came into disfavor The livestock 
breeder of the future mu«t understand the fundamentals in- 
volved and the technics whcrcbv tho«e tools can again be u«cd 
more generally 

Heredity and Environment llcrcdit> refers to the trans- 
mission of charactcnetics (morphological, ph>»iological, and p«>- 
chological) from parent to offspring The laws of hcreditj seek 
to account for the resemblances between related individuals, and 
also to recognize and explain the lack of Eimilant> between re- 
lated individuals Not all the similarities between related in- 
dividuals arc attnbutablc to their common relationship for the 
common association of related animals accounts for manj simi- 
larities Common association accounts cepcciallj for similantics 
of mental traits Animals that arc wild teach their offspring and 
associates to be wild Similar feed and care especiallj if they 
have certain deficiencies tend to bring about certain similantics 
within a group of animals 

The indivndual s attainment in life is therefore determined 
not by heredity alone but by emnronmcnt as well Figure 1 il- 
lustrates a five daj old Hackney foal in action The foal is al- 
readj di«plajing remarkable action which is the direct result of 
its inhentance as envnronmcnt has not jet had an opportunity 
to exercise an influence 


Figure 2 IS a picture of a Hackney prize winner t\ ith ad- 
;^ncmg age heredity became compfemented by cniironmcnt 
The heredity had to be broad enough to allou the degree of dc- 
ze opment shmra and the enzironment had to be such as would 
allow the superior heredity to dezolop in full 
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A catistactory picture of the intcniorkings of heredity and 
emironmcnt may be obtained if nc M=ualize licrcdity as cireum- 
scnbine the mdmdual's future attainments, mental and physical 
as nell as morpholoBical Tl.e relationship of heredity and en- 
vironment IS illustrated m Fig 3, the circle represents the indi- 
vidual's hereditary possibilities and limitations at the time of 
fertilization, and the small dot represents the indivldiiars attain- 
incnts at that time A patisfaclory 

O cn\ironmcnt is Ticce«»ary for l\ic in- 
diM<lual to fill the circle, but m spite 
of its cnMronmcnt it cannot go bc- 
joml tlic bonds of its heredity 

Hcrcdilj, therefore, proMdcs the 
foundation, and it ma> be likened 
to the foundation of a building I3n- 
Mromnent is required to complete the 
structure, just as builders and matc- 

_ .. nals arc iiccc«»ary to complete a 

Fio 3 lllustrotmt! the in- , , , » n a / / i a 

tindiiioa et heredity .nd building As the typo of foundation 
environment The outer limits the t>pe and 6120 of building 
circle represents the new that can bc buiH, SO the horcditj of 
individuals poviblc attain ^ lamb limits the Ijpc and merits of 
menu Ihc bkek dot the , ^ ^ ^ ^ ,j, 

mdiYiduals present attain , , , , , , . 

ment (See tcit) laying of a foundation for a building 

docs not guarantee that the building 
ttuU be completed, nor docs the pocoecoion of a desirable hcrcditj 
guarantee that the individual will <lc>clop into an outstanding 
individual 


Necessity of Good Environment Environment includes the 
sum total of all the external factors affecting the indi\ idual It 
includes both quantity and quality of feed, housing, managenal 
practices, and the like Regardless of the degree of supenonty 
of the lines of breeding, the results will be disappointing unless 
the emironmcnt is also satisfactory Too often well-bred ani- 
mals are reared m faulty environments 

Overfeeding and pampering may pro\e as detnmental to the 
animal’s vrell-bemg as underfeeding and lack of care It is a 
wnseh\estockman who knows how far to go in this respect with- 
out either o-ver- or underdoing his work Here, then, is one of the 
places where the art of ammal hu-bandry comes into play, bo- 
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cause no one, no matter how skilled, can lay ^o^^ 
rules that wiU hold for all conditions. In fact, the typ^ ^ 
and care required for best results will vary for different rcg ^^. 
In areas where land is high priced and feed is plentiful it is usu- 
ally most profitable to full feed and force the animals “'““"t to 
maximum capacity. The range country is in striking ’ 

here it is usually most profitable to make .f 

cheap feed available, and this procedure ■”* ® ™ u-fnns pall 

duction. These two contrasted environmental ““ditions all 

for contrasted managerial practices. Eac ^ 

also for somewhat different inherent trai s in ' . 

meet the local conditions. Under more intensive eond. 

tions animals that are quiet range conditions 

mg u^l usually valuable characteristic an 

hardihood may well pro\e tne mus 

“"Fm Ves^eminn breeding, the environment should allow the 
animals’ heredities to become the 

order ^ -iection^^ 

breeders’ business to de'«l°P that the ani- 

Buited to the j ^ ^ commercial livestock producers 

rlrL'^ T m colmercll livestock producer will in turn 
prof!; brpurchasing sires that have been bred for production 

for his particular alTEnvironment. A fre- 

Relative Impor an j j j j {1,^ ^orc important, heredity 

qucnlly raised quest n s wlucl,.^ will vary for the different 

or environment? The t™ ^ 

traits mthin of hcritability have, for the most part, 

ent population licritabilitics in contrast to the influences 

shou-n relatnO „cc reviewed later in the book, 

of cmironmcn . ^ Fimilnr studies it should always 

but m the . in-rcditv is fundamental and that the indi- 

be borne ,n Ue heredity. Environment is nee- 

'eisan- in ordlr to complete the stnictnre; therefore, the breeder’s 

job IB tn The livestock breeder’s aim to Rain 

Conuo o , j,prr<lity. Tbe bree<Irr’« ambition in 

n maximum excrei-e such a control over the matintr* that 

mating animal* i* 



12 The Economic Importance of Animal Impro\cmcnt 

onlj the more desirable characters of cacli parent arc transmit- 
ted to the offspring A control os simple ns this ^^ou!d indeed 
prove a panacea to the livestock breeder But the proWom of 
improvement is far from being so simple Tlie difilcultj is that 
the new individual starts life from the union of two germ ecu'* 
that arc onlj about 1/125,000 and 1/125 of an inch m diameter 
The actual determiners of an ammal's inhcntancc arc in the dO 
to 60 chromo«omcs found withm tlic«c tm> germ cells, and thc«c 
determiners, known as genc«, maj run into the tliou«ands in 
numbers But the germ cells arc produced h> the animals uec«l 
in mating, hence it is through an understanding of the funda- 
mentals inv olv cd that the breeder ma> hope to gam control ov cr 
the hereditj of his animal« The fundamentals involve the three 
tools selection, cro««hrccdmg, and inbreeding 



CHAPTER II 


Historical Background 

The storj of the of tins kind, 

an interesting tale, but one of wbic , 

only a resume is in order earn the liis- 

As judged by radium calculations, oss^^^^ according to 

tory of the horse back some fl y „ . ,.e « as u idcl> dis- 

Mattheu (1926) In m r.iioi.e, Asia, 

tributed, remains baMng been foun 

and Afnca but in North and nubi-toiu horse 

many consider America the origina i , „ its di'iocen 

B> some chance he uas lost to „n horse 

bj Columbus Some consider , , ^^,,,1 ,,uiod and later 

perished or was pushed south dun S Otlicr'^ attribute bis 

perished owing to parasites am * , pi nod The 

disappearance to the carnnorous < the da''n bor^e’ ) 

ancestors of our prc«cnt-da\ ^ fo\ terrier Thc\ 

ranged in size from that of a ,,n,all acstigial 

bad four toes on the fore too (cctli 

remains of the fir»t and u i < enamel Be 

aliicli acre aery short crounei jj,j.ougb ten stages of dceel- 

ttie process of ceolution „ (.mdual increase in size, 

opnicnt (Table IV), there la increase m length of tiie 

a rciluclion in ttic nuin ici o roeenng tliem Tlint tlic 

tcetli, and a tliickemng ol of ileeelopinent Ins lieen 

horse has gone through i< -^ ,.l,„hnts m iinturil hi'tein 
Mill lUustrateil t.a the ""C „„nnats has not liccn leorkeil 

rlio ceolution of our o 1 nnimal, it 1- assumed 

oat so compliti'' 'ait ,n tlie minitwr of toe- and n 

tl.al tl.ire ln« l>e‘" com ring oeer tliem Tliecxplana- 

detpemng of the tee'll' 1 k-c one drier and anmiats 

tion for tins n ,a 
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Tablt IV SiArrs of t%oLi,'noM of thf IIotv-'E 


(Aflcr Matll cw, Quartnln 


Pcnod m 
Geological History 
Plcistoccno 
Pliocene 

LOTcr Pliocene or Upper 
Miocene 
Middle Miocene 
I/iwer Miocene 
Upper Oligoccnc | 

Middle and Lower Oli- 1 
goccne 1 

Upper Eocene 
Middle Eocene 
Ixwer Eocene 


I-ormations 

Glacial and ]ntcri;UciaI 
Blanco 


NchraaLa (OgaUlla) 

I Protijci raa ImyIs 1 
Ofcoilon lieiU f 
Titanotlienum J 
Uinta Maahakie 
Bndger Wind lUver 
M aaalch 


*‘tAKc <i{ 

Pcvilopmmt 
10 Eqmw 
9 Plcsippus 

8 Pholiipptis 
7 Mirycliippiw 
0 Pamhipi'U .1 
5 Miohippiw 

4 Mr-oliippus 
3 fpihippas 
2 OrolntipuA 
1 fxiliippus 


mo\cd out of die etstinp* the muUjp1c»toc<l contljtjon ticcomc 
a hindrance rather tlian an aid 

In an amp areas the eprcading foot is an nihnntnRc liccau'c it 
gives fooling, but on drier areas it is an cncunibranco ljecau«c 
it reduces speed On dr> land, the sMriiiaf oj the fittetl, more 
than likely in tnanj ea«C8, went to f^e iu'xjtcst of foot As for 
the teeth, dry-land being more fibrous limn ewainp vegclntion, 
strong grinding surfaces developed 

Significance of Evolution Etolulion is a continuous proce«3 
and la going on toda> but, for the mo'-t part, it is «o slow nnd 
the changes arc «o small that we rccognire onlj few E\olulion 
demonstrates that biological life is plastic and dj nainic Through 
the jears diHcrent kinds of animals have evolved Still further, 
although Ic«s drastic, changes hove occurred during domestica- 
tion and early constructive animal breeding Natural "election 
or survival of the fittest has pla>€<l a leading, perhaps the major, 
pari in bringing about tbc"c changes Natural selection could, 
however, do no more than weed out the lc«3 fit Mutations and 
gene recombinations had to be at work so that new tjpes, better 
"uited to a changed environment, were evolved Mutations may 
have been induced by environmental changes (this does not 
imply the inheritance of acquired characters) Recombinations 
have been stimulated by cros«brecding and inbreeding, both of 
which very likely occurred sporadicallj in nature 



The Domestication of Animals 

The would-be constructive breeder may very 

from all this, for his task is to BP-d up and -ntre.^';^^^ ^s, 
processes that have been occurring na these changes 

therefore, to learn all he can of the laws 

If he IS to be a constructive breeder, " "L than 

neu comhinations of genes better sui e duplicate what 

existing combinations, his task g^jjater speed and 

nature has been doing but to do it w 

• f Animals The domesticatiou of ani- 
The Domestication of Anima . recorded history 

mals began at a more remote pen ry to domesticity 

of man, for man’s own eioliition fro ^ and associa- 

is very directly associated with his domes i > 

tion with, animals animal tamed by 

Shaler (1895) considers the dog material 

man According to him the dog was a likely that 

gam, but tor the sake of companionslup , and as 

for a long time the dog was used only much like their 

a rcscnc food supply, for the dogs ^f little use 

masters— creatures of scant intclhge , mtelhgonco 

to their masters Gradually, however, ntlv hy continued 

increased, he made use of the dog, ^ j I,,! ^as evolved 

selection through the ages, a more uscM typo o lo^g v 
By still further selection and posmi b w. 1.^ 
ing, and further selection, the diffi 

developed ,l„, nist animal to he 

Shaler considers that the hi I . n,,, piui of urn farm 

dninesticatcd Others , , ' ' ^ , (beie is pm’d I'ldiuie 

animals to have been tumid " . vvhlelv ilhlilhulid 

that in the Pnleohthie peihid t i' ' „vldime, tiom 'he l">m " 
over Europe and Asm I |,,|nin, limt ilmhu' this 1” rd'd 

found in the caves of 1 nm" *'* ' . .|tiidli s 'd h"”' 
the horse was on. »t IliVl f'dhm'd md'.mU In their 

It 1ms been i.ssiimid Ih"' " " („||„m.i 1 the lihim; ni.d that 

migralions, ns till ' ,""i i, ,, ilmt hv la rillnf and rarmK tor 
man r.nallv ei.nr.lv.d „v he naiild h- mare marlv 

them d.ir.ag thins n t.‘d - ^ do (A.mtie) .eemH■ 

a..urcsl of a Inisl siipp V ^ a. s,,... « lairdea. 

lanKr.manpirr.l'id '7 mph.v.d ham Is (ore the horr, 

nml thev vv.r. nadniihi. mv 
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The camel and the elephant ncrc al-o made u-e ol at a am 
oarK date Same Pheep and l.inU carh attracUd man a atten- 
tion as pources not onl> at food hut aho of dotliinp 

It IS ctnerallj considercil that during the Neolithic penod 
domeptieation proceeded tairla rapidU Uldgeuat (IDn'il hou- 
eicr considers it douhttid that man tamed the horse until after 
this 'period There has hkeui-e lieen i.ome difTcrtnce of opiniori 
regarding hou the hofc lias fift u-eil nidgcuas presinls g^l 
cMdence tint the horve did not «cr\c a<« i mount until Ions uHcr 
he hitched to chariots As ix mount hi hic-ime grentlj 
prized for Mir purpo'-c- and p-wc Iih pi»^«c«‘-(ir*, n dcridwi ad\nn- 
tage o\cr their unmounted adxcns'iric-* 

At a xcr> carh date cattle «hecp nntl jaint*- ticrc xalucil for 
milk proiluction It \cr> likch that the«e nnimaU txcre com- 
pletelj domc«ticalod before an\ other* for an anmnl nicd» to 
he tamer for dairj purpo'c« than for lutchinp < r ndinc Oni. 
of the ba« reliefs found in the tomb of Prmet Mchen«ctrt of 
Ep>pt lUunratcs a cow Iwing iiiilkci) uith all her Icp-* lied -t- 
curelv From this it ha« been inftrroil b> some that the row 
was not eomplctcl> tamed esen at tint time hut thi-* i« no proof, 
for e\en at prc«cnt cows often ha\c ihtir legs tusl for milkinp 
and the has relief ma\ ha\c l»ocn on tlluhiration of nulkinp i 
wild cow rather than the method of milkinp ixpiral in lint da\ 
Origin of Our Present Farm Animals The « nl\ unpinil 
wild horses, not the descendant® «»( tlio^c which hate nin wild 
from domesticated «tud® known to hate existed in rteent tear* 
are tho-e which inhabit the steppe® of Central \‘-n known m 


Prejtahkj e hor*es so called from the name of their dikcotcrcr 
Alanj wnters hate considercel tin® her e the logical anccNtor of 
all our modern hor«c® Ridpcwaj (190>i howeter trnce^® the 
ance«tr\ of our prc«ont horses to three di«tincl sources the 
Prejtalskt hor®c of Central A® a the Celtic pon> of northern 
Europe and the Libjan horse of northern \frica This explana- 
tion 15 accepted bj both Gat (19131 ami Muthew (1920) 
Ridgeway behete® that the Celtic pon> is the ancestor of our 
prc®cnt pon> brecfls that onr draft breeds art the re®ult of 
more or le«® mixing of the Iibjan and Prcjtahkj stock and 
that our light hordes re«t almo®t dinellj upon the Oriental group 
which m turn re®ts <hrcctl> upon the I iht an foundation Ridpe- 
wa> prc®ents a ta«t arra> of both hi®tonc facts and citation® 



Origin of Our Present Parra Animals 


17 


the deer and t\ie elk, among otlicis, possess much quality ana 
fi mont tt merely means, at least for certain types of am 
' r^ha tl r^ an advantage m the possession of quality 
Itrermeme:; an^d that through the years natural selection 

'"'hS "rstr^atlres have mchned to heheve that 

their breeds are indigenous stock of their ancestral homes Ac- 
their orceab b ,ntornrctation. draft horses are the result 

cording to Ridge^^ays^mte^tat^^^,^^ P-fvalsky and Libyan 

IccTding to this interpretation onr draft horses one their refine- 

mU to Vir 

Preivalsky ances^^^^^ ,,ncestry of their stock, breeders of draft 
toiTLe reason to point with pride to the nay in nh.ch 
1 , mL of their breeds combined the desirable qualities of the 
* ' ancient stocks into one harmonious whole This general 
tendency of modern bleeders and breed promoters to dodge ac- 
1 ° 1 Jement of the crossbred ancestry of most, if not all, of 

knowledgme t f t an unfortunate attitude of mind because it 

'’“trvsTlack of appreciation of modern biology it has been 
portrays , j the gene remains uncontaminated by 

clearly d— ittther genesf and if any breeder is entitled to 
Its ,s the breeder who can mix two or 

‘“ old croups of genes (races, strains, or breeds) and then 
br^g out MW combiLtions of genes that are an improyement 

‘"'The''behefthaf our modern horses have been derived from 
, , i.ont Strains does not preclude belief in a common an- 

three dis^ j„erel> pushes the common ancestor a little further 

hack in that our present breeds of cattle arc derived 

, ^ ohoricinal races one large and commonlj known as 

from tv _ faunis jmmigenms) which stood about si\ feet 
the tJras V and existed m the early stone age, the 

hign a commonlj knoun as the CeltiL ox {Bos 

al=o existed in the earU stone age The closest 
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connecting link no Inre uilh these prehistoric forms arc th 

Wild ^\hlle cattle of England 

Same raaj he traced to tno prehistoric stocks the nihl pi 
of Europe and the Asiatic pig Bj the miioiiR of these no an 
their eel oral sub=lrains and throuRh jears of selrction. iirccdci 
ha^ e built up our present breeds of ev. me 

Because not much knonn of prchiHonr mans a-ocmtic 
^ith sheep, little 10 knonn of the anccotral t>T<^ The Ohl rt-t. 
ment makes frequent mention of the pastoral occupation of sheep 
herding, and -tsc ma> conclude that man aahuil sheep long Ufore 
that period Pnmiti\c sheep were un<loublc<ll> a acr> inferior 
stock, their wool running etronglj to hair, Bcanta m Us covering, 
and of various colors (Fig 6) 

The Egyptian Age The fir»t eon-emus control of animals’ 
parentage undouhlcdb marks man's beginnings as an animal 
breeder This apparcntl} antedates the time of Pnnee Mehen- 
wetre of Egjpt, who reigned about 2100 nc In 1919 a chamber, 
pre\iou«lj overlooked, in the tomb of tbi« pnnee was discovered 
and opened for the fir«t time since it was clo«eil hv the rg>ptians 
over 4,000 jeara licfore The chamlier contomc<l models of 
Bgjptian life, more nearly perfect than an> tliat liad up to 
that time been di«covcred U was the Egyptians’ cu»toin to bury 
with the decca-cd hi« tools and weapons and if he was vvealthj 
they included many additional article* puch as figures of servants 
at their daily work and miniature models of the manv and 
saned po««c«sions of the deceased (Many of the early jicoplcs 
buned servants alive with their ma«lcr8 At the time of the 
Spam«h invasion of Mexico the Aitecs followed this practice ) 
In this particular chamber were found models of cattle, barn®, 
a brewery, a bakery, an abattoir, and many illustrations of their 
daily life 


The largest of thc«e models showed the pnnee counting his 
cattle as they pa«ed by Tlicccnsus which was found, di-closcd 
that he owmed 835 long hiimed cattle 220 polled cattle, 750 
donkeys, 974 sheep and 2;234 goats Apparently the Egyptians 
took some note of the arts of animal breeding, as one of the 
models illustrates the diffeTcnce* m tvpe between the wild animals 
and the improved ones (Fig 4» As mentioned above, tilled 
cattle also existed at this early penod (Fig 5), and it is al«o 



TliD Egyptian Age 


:9 



PiQ 5 An Egj'ptian model oC a polled bull (Couricsy of the Fxcld 
JUustraled ) 
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gether, because the mares, if debarred at that penod from sexual inter- 
course, are apt to concede b> the ^inds, and in that case to engender 
an offspnng which is sure to die within three years 

Aristotle apparently had ^ery similar views regarding repro- 
duction and inheritance The following are taken from the 
writings of Anstotle as translated by Cresswell (1902) “The 
pregnancy and conception of barren eggs is quick in most birds, 
as in the partridge, on account of the \iolence of their sexual 
desires, for if the hen stands in the way of the breath of the 
male, she concenes, and immediate!} becomes of no use for 
fowling ” “Sheep become pregnant after three or four acts 
of sexual intercourse If ram falls after the act of intercourse, 
it must be repeated ” Regarding color inheritance he states, 
“The lambs are white or black according as the -veins beneath 
the tongue of the ram are white or black ” 

From these and many other documents written in similar %cin 
it IS certain that neither the Greeks nor the Romans had much 
conception of the problem of livestock improvement Nevertlu.- 
loss, some improvement was made Ari'^totle at least made ninnv 
important observations and, although from many of thc«c hi 
drew faulty conclusions, he at least opened tlic wliolo subject of 
biology 

Both the Greeks and the Romans rai'^cd liorscs, nssc<5, cattle, 
swine, sheep, goats, fowl, geese, ducks, guinea hens, and pigeon'! 
The Romans introduced improved sheep into Spam, and Caesar 
IS reputed to have taken spccin! note of the horses and horsemen 
of Flanders 

Some progress was made in the development of wlmt mav be 
called standards of perfection, for Daubeny (lSo7) quotes Colu- 
mella as follows 

The oven «e bu> «houI<l be voung, ••qiinre, wUli hrge members and 
loflv boms bhek and strong, the forclicail braid and rouch, the car» 
bHirj , hjw and e>e<= black, flat and turned up, with wide no'tr:!*, 

V long and bnwm neck, dewlap' large, and rciching down to their 
knees, chc«t broad, «houlder^ large, liellv protuhcnnl, with mUc' well 
Mrctehetl out, flanks broad, hack htmght and o\cn or a little deelin- 
tng, hips round, leg^ co!n|wct and ‘‘traiglit, but rather “hort, knee- 
jotnta well 5tt, hoof*, hrgi , tail-* verv long and fxairv , linir over the 
who>e l)od>, tluck 3n<I «!iort, tuber red or a dark brovvn, and the coal 
altogether verv *oft to the touch 
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human events, for it is al'o gcncrall> accepted ns marking tJic 
beginning of the Industrial Resolution The Industnal Resolu- 
tion extended over a long penoil of time, it is still in progress 
and recentlj has been moving at a more rapid rate than during 
anj previous period of hi«lor> The desclopinint of machincr> 
was responsible for the Industrial Resolution The cities were, 
therebj, industrialized Up to this tune each familj, or nt lca«t 
each estate, was a rather complete economic unit, household 
article®, wearing apparel and food products were produced and 
manufactured or refined largely within tlic confines of each 
household There was, of course, *i certain amount of trade 
those residing in the cities hid need to purcliise food and other 
product® and the rural population purchaecil ccrtim luxuries 
from peddlers and from the city shop* Since each niral unit 
was mostl> sclf-6U«taming the large estates had i distinct idv in- 
tage over the smaller ones for more specialization wis possible 
ith the adv ent of the Industrial Res olution, crnft«» and trade* 
sprang into existence Men moved from the countr> to the cit> 
and came to cam their livelihood from the crafts and trades 
The migration from the countrj to the eit> created a demand 
for agncultural product® BakcwcU saw tlic origin of a demand 
for livestock products and set about developing farm animals 
that were better suited to salisfj the demand 


Bakewrell’s Methods UnforlunatcK we do not have a com- 
plete record of Bakewclls methods of procedure a btatement 
that can be made with «iual correctness for man> others since 
Bakewe l s time Ilousman (1894), one of Bakewcll’s admirers, 

stated Had he been a man of higher education we should have 
been the richer, no doubt by his conlnbutions to the literature 
of agriculture But like other men of h.s educational level, he 
was more apt to act well than to tell clcarlj how he acted 
Then he was perhaps wisely, s.lent Yet others gleaned, and 
indirect y told, the secrets he was accused of studiousK con- 
cealing •’ 


As one miens the accounts „t Bakenells uork, thus lar 
lemoved .t appears that the stone, o[ h.s norkme m secret an, 
retosini! to ditulge his secrets are products nt . 

of his contemporane, lantcly bccaus- tliey nere unahle to’Sere 
stand what he was dome The ^ u , v. lo unaer 

are controi^d noth the same problem ol makmTthe publmtu’^ 
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derstand their methods and the philosophy behind them Bake- 
well’s tno rather pointed remarks ■which he often used in answer 
to questions regarding methods, were ^‘Like begets like” and 
“Breed the best to the best” In those two brief statements, 
Bakewell undoubtedly had condensed about all that he could 
tell of his methods without going into details which his listeners 
were ^e^y likely unable to comprehend Bakewell himself 
probably had little comprehcn‘?ion of what was imohed in his 
methods, for this was a century before the time of Alendel 
and over a century and a half before the time when serious 
application was made of ^Mendel’s findings 

We can, however, piece together fairly well the general prin- 
ciples go'veming BakewcII’s procedures in breeding They were 

1 Housman tells us that economy was the root of Bakewell's 
strength, m other words his breeding operations as well as his 
manj other farm actnities, were directed at economy of produc- 
tion It 13 known that he made certain recoids regarding the 
performance of his animal^ Housman states, “There was at 
Di«hly an c\penment-st> , where pigs nine at a time m «cts of 
three, were weighed fed on weighed food, and ‘jo forth, the 
weights dulj chalked on a board, and the complete notes finally 
transferred to Mr Bakewell’s book of e\pcriments and results ” 

2 Bakewell bchc\ed in the utility of form and quality of 
bone and flc«h He is quoted as stating that it is po'^sible to get 
hearts to weigh “where jou want them to weigh ” He «'Ought a 
rclatnc increase in the more ^aluablc CHI'! He maintained 
'ikcletons and pickled joints of specimens of the bc^t of the 
Di«hl> sheep and cattle in a little museum In this w aj he w as 
able to make companions of one generation with another 

3 The abo\c as well as the rcconls he maintained on economy 
of gams IS evidence that his axiom ‘ Breed the best to the best” 
meant fcomething far broader to Bakewell than to most stockmen 
even of todav, for licrc is the beginning of both sire testing and 
a record of porfonnance ^\c iiinv also infer that the axiom 
“Breed the best to the best’ governed Bakewell’s introduction of 
new stock, cro'-brccchng and inbreeding IIou«man rather dis- 
count** the view that Bikcweirs carlv foundations rented on 
crossbreds Housman, however, a great admirer of Bakewell, 
was writing at n time when “puritv of the brcuh ’ v\a** at a 
prcmuim I hire is consider ible evidence that Bnkewdl intni- 
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With regard to the bull, the chief differences from the above are, he 
IS fierce-lookmg, more li\cl> in his deportment, with a neck more 
brawnj , and eo large indeed as to form a large part of his bod> , and a 
belly a little «maller m its dimensions than is suitable for an ox 
The cow on the contrary, mo«t to be approied of, is of a tall make, 
long, with a ^ery large belly, a very broad forehead, eyes black and 
opening widely horns graceful, smooth and black, hairy ear®, very 
large dewlaps and tad hoofs and legs of moderate size 

Some lmpro^emcnt m animals was undoubtedly made during 
the periods of the^e two great empires, but the change apparently 
was but slightly different or more rapid than that occurring under 
natural selection 

British Royalty Bnti«h royalty at an early date became 
interested m the improvement of hor:es At first the improve- 
ment was directed toward developing a better war hor«e and 
later toward the development of a race hor«e King John im- 
ported 100 stallions from Flanders early in the thirteenth century, 
and in the fourteenth century Edward III imported about 50 
Spanish horses at a great co't Henry VIII, even with all his 
other activities, found time for hor«e breeding He maintained 
a royal stud, imported horses from Turkey, Spam and Italy, 
and had laws enacted regarding hor«e breeding The prevailing 
horses of that penod were, however relatively heav’y Horecs 
were bred primarily for army u^c and as at that time not only 
the men hut al*o the hordes were covered with armor plate, only 
a heavy hor«e could carry the weight of a heav'y man plus all 
this armor 


During Queen Elizabeth’s reign armor became le^s popular 
because it was discovered that speed gave more protection than 
heavy plate armor James I who succeeded Elizabeth was more 
interested than his prcdcce-'ors m sporto Ho established the 
race course and a code of regulations for it He gave consider- 
able attention to the breeding of race horses and imported a 
high-pnccd Arabian stallion All subsequent Bnti«h monarchs 
followed James I's lead, patronized the race course, and promoted 
horjc The chief result uus that the stimulant was 

provided for the breeding of hordes on the ba«is of performance 
on the race course It rather odd that the first rcallj senous 
ellorts at cou.lruetiie liicstoeh breeding should have been 
centered around breeding for perlDTmance, whereas non 2'/, 
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centuries later, we are in the process of developing performance 
records to guide us in our breeding programs. It seems odd also 
that the fir^ serious attempt at improvement was made 

The English Earls and Dukes. While the kings played the 

Spirt of llings,” the earls and dukes of Nnrthumbertan^^d 
Yorkshire gave attention to the improvement of their cattle 
They imported bulls from Holland for breeding with the>r native 
stock Dutch cattle were also introduced into Herefordshire and 
undLbtedly played an important role in establishing the founda- 
tion for the Hereford breed of cattle. , , , , j 

From the above it may be interred that the Dutch had already 
at this early date made considerable progress in improving their 
cittle It Is also clear, from the history of cattle improvement 
L England tSt after ’the cross of native and Dutch cattle the 
British cattle were improved tar beyond the best of either of the 
narental strains and at a more rapid rate than previously. It 
^ he inferred that the recombination of genes made possible 
rcrosswS and subsequent breeding from within made it 
nLsible for the breeders, through more vigorous selection for 
useM characters, to develop strains that were distinct improve- 

ments over the ddrtrains.ont^^^o,aries. The foregoing was 

e nrclude to the main event which was ushered in by 
’rrcriakew U and Ids contemporaries, chiefly the Tompkins’ 
Robert Bnkn"' , ^„K„^ell was born in 1726 at Dishly Grange, 
and the Gallic . fortunate in 

Lciccstemhire, En^^^ livestock husbandry, 

haring Tompkins and the Gallicrs families. 

The Baine is t ue England and 

Bakcwell ra ^ of superior breeding stock. It is inter- 

rtrnt 'two centers of livestock improvement should have 
csting that tvo far apart, tor that time, ns 

developed almost . distinctly different 

Leicestershire a d H improve- 

strains. ^t a a g ^ 

'"ble Tor tlds almost spontaneous interest in livestock improve- 

V a rrial Revolution and Livestock Improvement. 
The Industrial -ecepted as marking the beginning of 

The year 1700 is gone . } important year in 

Bakcwcll’s coiistmclivc work. 
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human events for it is al‘<o gencrall> accepted as marking tlie 
beginning of the Indu«tnal Rc%o1ution The Indu-tnal nc\olu. 
tion extended o\er a long penwl of tunc it i* 'till in progrc'-s 
and recentl> has been mo\ing at a more rapid rate than during 
am preMou= penod of Imtorv Tlic development of machinerj 
v\as recpon'ihle for the Industrial Revolution The citie= were 
therebv industrialized kp to tins tunc each famdv , or at lca«t 
each estate was a rather complete economic unit hou-chold 
articles wearing apparel and foixl products were produced and 
manufactured or refined largcl> within the confines of each 
household There wa® of course, a certain amount of trade 
those residing in the cities liad need l« purchase food and other 
product® and the rural population purelit«ed certain luxuncs 
from peddlers and from the cit\ shop Since each rural unit 
was mostlj self sustaining the large c tatc* liad a di'-tinct adv an- 
tage over the 'mailer one* for more specialization was po «ible 
^\ ith the advent of the Industrial Revolution crafts and trade® 
sprang into existence Men movcil from the countrj to the citv 
and came to cam their livelihood from the crafts and trade" 
The migration from the country to the cilv created a demand 
for agricultural product* Bakcwcll saw tlie onjnn of a demand 
for livestock products and «et aliout developing farm animals 
that were better suited to sali«f> the demand 

Bakewells Methods bnfortunatelj we do not have a corn 
plete record of Bakewells methods of procedure a statement 
that can be made with equal correctness for manj others since 
Bakewells time Ilousman (1894i one of Bakewells admirers 
stated Had he been a man of higher education we should have 
been the richer no doubt b> his conlnbutiom to the literature 
of agriculture But like other men of hi® celucational level he 
was more apt to act well than to tell clearlv how he acted 
Then he wa® perhap, wi«eK silent \et others gleaned and 
indirectlj told the secrets he was accused of studiouslv con- 
cealing 

A* one TCMEws the accounts of BaheaclU aork thus far 
rcmoicd it appears that the stones o( his aorking m secret and 
refusing to dimlte his secrets arc products of the miaginat on 
of t is contemporane. largely beeaus. ‘her litre unable to under 
stand ahat he was doing The eonstnicliie breedtrs of today 
are confronted aith the same problem of making the public un- 
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derstand their methods and the philosophy behind them Bake- 
well’s two rather pointed remarks which he often used in answer 
to questions regarding methods, were ‘^Like begets like” and 
“Breed the best to the best” In those two brief statements, 
Bakewell undoubtedly had condensed about all that he could 
tell of Ins methods without going into details which his listeners 
were very likely unable to comprehend Bakewell himself 
probably had little corapiehension of what was involved in his 
methods, for this was a century before the time of ^Mendel 
and over a centurj^ and a half before the time when serious 
application was made of Mendel’s findings 
We can, howe\er, piece together fairfy well the general prin- 
ciples go\eming Bakew ell’s procedures in breeding They were 

1 Housman tolls us that economy was the root of Bakew ell’s 
strength, in other words his breeding operations, as well as his 
many other farm actiMtics, were directed at economy of produc- 
tion It 18 known that he made certain records regarding the 
performance of his animals Housman states, “There was at 
Dishly an expenment-stj , where pigs nine at a time in sets of 
three, were weighed, fed on weighed food, and so forth, the 
weights clulj chalked on a board, and the complete notes finally 
transferred to Mr Bakcwell’s book of experiments and results” 

2 Bakewell bclic\cd in the utility of form and quality of 
bone and flesh He is quoted as stating that it is possible to get 
beasts to weigh “where >ou want them to wcigli ” He sought a 
rclati\c incrca«c in the more xaluablc cut's Ho maintained 
skeletons and pickled joints of «;pccimens of the best of the 
Disbly sheep and cattle in a little museum In this way he was 
able to make comparison^: of one generation with another 

3 The aboxe as well as tlic records he maintained on economy 
of gains IS c\ idcncc that hi« axiom “Breed the best to the best” 
meant something far broader to Bakewell tlinn to mo‘-t stockmen 
t\cn of toda>, for here is the beginning of both sire testing and 
a record of porformnnee \Vc max uKo infer that the axiom 
“Brcctl the be-t to the best” goxerntt! Bakew ell’s introduction of 
new stock, crossbreeding, and inhrecihng Housman ratljer dis- 
count*' the xuw tliat Bakcwcll's earls found itions rc«tcd on 
cro"brc<ls Hou«man, howeser, a great admirer of Bakewell, 
ssav ssntmg at a tunc sshen “purity of the brctcls" ssa^ at a 
prenmim llure i** considerable tsalencc that Bakewell intro- 
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duced choice «pecimcn= from other di«tncts into his flocks and 
herds and that these animals were tested in erodes In the 
light of what is now known of crossbreeding it would indeed be 
strange if some of thc'^e cro-^es were not highlj successful On 
the ba«i« of what is recorded regarding Bakewell’s efforts toward 
econom> it would he c\cn more strange if Bakewcll did not use 
'some of the^e cro'sbreds as foundation animals Furthermore it 
IS quite certain that seieral •stocks were drawn upon m laying 
the foundation for his new Lcicc'^tcr ^heep 

Breeding the bc=t to the be<t undoubtedlj led Bakewcll to 
inbreeding In the light of present knowledge his broad inter- 
pretation of best coupled with his sire-tc«ting program were ‘suf- 
ficient to safeguard Bakewcll agam«t the disasters that less able 
stockmen ha\c encountered with inbreeding 
4 It IS unlikelj that Bakewcll s other axiom ‘ Like begets 
like,’ had the literal meaning to him that ®ome of his adherents 
applied to it in later jears Bakewcll merely maintained that 
supenor animals wore more likcl> to produce supenor offspring 
than were inferior mduiduals In his selection of breeding stock 
he was, therefore %cry critical regarding not onl> appearance 
but al«o performance 

5 Bakewcll introduced the sjstcm of lea'^ing sires which sened 
a double purpo-e (1) it netted him a substantial income the 
ram Two Pounder was let one coason for 800 guineas in cash for 
two thirds of the rams u«c and {2} it abo «er\ed as a means 
of testing his sires the ones that pro\ed bc'^t were later u^cd 
at Di«>hU 

It, therefore becomes clear that at this carlj date Bakewcll 
actuallj made u®e of all the tools modern breeders are trjing 
to put in general u®e He made a \anetj of cro'®es and retained 
the be®t for foundation «tock He tcHed hj a sjstcm that was 
more coraprehcii«i\e than «omc records of performance tc®ls 
l)eing adiocated todaj He deieloped a sire testing program 
Furthermore, he u®ed inbreeding with a success that few have 
achieved «incc his day Tliere can be no doubt that Bakewell 
left livestock husbandly much richer because of his work 
Other English Breeders While Bakewell was achieving 
fame in Leicestershire the Tompkm®cs and the Galliers were lay- 
ing the foundation for the Herefnnl breed of cattle and in van- 
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Other English Breeders 

ous parts of England there was a general quickening of interest 
in livestock improvement. Bakewell has been criticized for fail- 
ing to leave a complete record of his methods, but his con- 
temporaries left even less. (Actually it is remarkable that these 
early breeders left as much of a record as they did, for they 
lived in the days of the quill pen and these breeders were outdoor 
men of action.) It is clear that the early Hereford breeders like 
Bakewell first introduced some breeding stock from the outside; 
that they were critics of animal form and thus bred for more 
meat in the valuable cuts, that they maintained some records 
on animals’ performance; and that they inbred. On inbreeding 
Miles (1888) quotes Mr. Price, an early Hereford breeder, as 
follows: 

I bought from Mr Tompkins a considerable number of his cows and 
heifers, and two more bulls. I have kept the blood of these cattle un- 
adulterated for forty years, and Mr Tompkins assured me that he bad 
bred the whole of his stock from two heifers and a bull, selected by 
himself early in life, without any cross of blood 
My herd of cattle has, therefore, been bred in-and-in, as it is termed, 
for upwards of eighty years, and by far the greater part of it in a 
direct line, on both sides, from one cow now in calf for the twentieth 
time. I have bred three calves from her, by two of her sons, one of 
which IS now the largest cow I have, possessing also the best form and 
constitution; the other two were bulls, and proved of great value, thus 
showing indisputably that it is not requisite to mix the blood of the 
different kinds of the same race of animals, in order to keep them from 
degenerating. 

The Colling brothers learned their first lessons in livestock 
improvement from Robert Bakewell, They apparently were able 
to comprehend Bakewell^s teacliings for they copied most of his 
methods: they first combed the country for the best foundation 
stock available, selected with great care, and used inbreeding to 
fix characteristics. 

Thomas Bates (1775-1849) studied the methods of the Colling 
brothers. He, like Bakewell, possessed the mind of an inves- 
tigator. He is reputed to have kept careful records of feed 
consumption in relation to both beef and milk production. Bates 
selected uith extreme care and inbred vcr>’ closclj'. He developed 
one of the great herds of all time, and it was a highly inbred herd. 
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Development of the Breeds and the Establishment of Rec- 
ord Books Breed* a* wc know them did not alwa\s exi't 
Most, and perhaps all, bretd« that ha^c aclne\cd prominence 
came into exi-tence becau e of an economic need, or at lea®t a 
demand, for a certain t\pe or kind of animal The mo=t pro- 
gre'*u e fanners *ct about to produce that kind of animal because 
of the need and not nith the specific idea of producing a nen 
breed of li\e*tock A* an illu-lration of this point the Colling 
brothers began lajing the foundation for the Shorthorn breed in 
1775, Coates published the fir«t Shorthorn Herd Book m 1822 
The same general procedure has been folloued m the de^elop- 
ment of all the breeds and in the work of all the great earlj 
breeder* Tht Hamp«hire Dorni breed of sheep was de^ eloped 
m «outh-central England, and the earl> !mpro\ eroent n as largelj 
due to the work of illiam Humphre> According to Plumb 
(1920), a notable authont> on the histor\ of the breeds, two 
nati\e slocks were fir«t cro««cd rcpcatcdl> Hurophre> started 
his work about 1834, he ^elected the bc-t of the native stock and 
cro«sed it with both Southdown and Cotswold ram* This was 
followed b) breeding from withm Humphre> wa«\er> exacting 
in hiB selection of breeding «tock. Plumb quote* Hopkin* on this 
point as follows 

Everj lamb was marked as it fell and these which showd an> 
breachine-s or coareness were notched at the top of the ear and no 
matter how well these lamb~ turned out the> were castrated and went 
to the butcher The ewe* that were thought good enough for the 
flock were bred from until the> were worn out One fatonte was kept 
till •■he wa, fourteen tear* old, and her last lamb was Oliver Twit 
Thu ewe had no udder for the la t four \ear3 of her life, and Oliver 
Twin was gitcn to another ewe Thu ram wa* fir-t m his class at 
Leeds and Battersea 

The earl> hutorv of ever> noted breed follows a similar vein 
nenlbook* were establubcd after the breeds were well along in 
dev eloprnent Breed- w ere c-tabluhed in order to obtain a more 
productive stock, and herdbooks were estabh-hed to protect the 
puntv of the C'tabluhed strains each wa* an important step m 
the progress of animal breeding 
The Importation of Improved Animals to America. Menno 
sheep were introduced in the Lmted State- as earl> as 1793, and 
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I’la 6 Illuvtr.itmp the chanpes m proportions of tlie impro\cd Suffolk niul 
«nm)pro\c'<l Mouflon breeds of phoep as thev prow To n con<«idrruble ex- 
tent this iltu-tritrs t!ie exoftition of the «hrep tlirouph bretsl dcxelopment 
and jinproxement. (rrom Ilammoml, Farm Ammnls) 
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Leicester sheep were smuggled into the colonies e\ en before the 
Ile^ olutionarj ar The heavj importation of lmpro^ ed British 
Inestock did not get under way, howc^er, until the rich lands 
of the "Middle West were de\elopcd into farms and impro\ed 
transportation made the marketing of livestock po'Mble 

Breed associations were established in this countrj «hortl> 
after the close of the Civil W ar Tlic> were establi-hed here as 
abroad for the vcr> worth} purpose of protecting the punt> of 
the strains and of protecting the public from the le«3 “crupulou- 
stock dealer 

Spreading of the Purebreds The improved «tock brought 
from Europe was so superior to the animals then on Amencan 
farms that the word “imported ’ came to hav e special significance 
to American «tockmen In like fashion the word “purebred’ 
came to have special svgmficancc As a result since imported 
stock and purebreds were scarce the available animals generallj 
sold at substantial prices As long as this situation prevailed 
nearlv cverj animal eligible for registration was registered and 
sold a« a purebred K degeneration of the merit of manj reg 
istered animals resulted bccau c culling was practicallv non- 
existent Furthermore roan> people developed the mi apprehen- 
sion that purebreds w ere different from non purebreds The term 
‘ purebrccding came into rather w idespread use and gav e the 
imprC' ion that purebred animals were geneticallj pure The 
term has been an unfortunate one first it is a misnomer for m 
the light of modern genetics not man> animal breeders have 
hopes ol producing farm animals that arc genetically pure even 
with intensive inbretdmg and ngid culling and second, <ince 
in mam commodities there is a do e relationship between the 
degree of puntj and value the general public came to associate 
so-called purebreedmg or purebred with ment 

The Purebred Philosophy For the past sixtj >ears Amen- 
can thought regarding animal breeding has been largelv domi- 
nated b\ what mav be called the purebred philo«ophj This 
philo oph> recognizes differences between mdmdual purebreds, 
but It holds that the purebred bv vnrtue of it« being a purebred' 
IS superior to animals bred othenvise This philo«oph> goes even 
further and would have other stock replaced bv purebreds so far 
as po «\hle Harper (19201 when this philosophv had about 
reachenl its height expre« ed the belief verj well as follows 
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that I had made no BLStake that I conld .cc that he had no chance 
of winmne but that I could al«o =ee that he thought his calf a aery 
good one "and hating one in the c!a-a mjsclf (vihich took "ccond pme) 
I felt sure he nould think had he not "ent him that he oould have 
been near oanning Ho came to me an hour or Ino aftemards "ajing, 
"You ha\e given me the best le on 1 ever had in ra> life, for 1 did 
think he would about win until 1 ‘aw him with the other* 



Tic 7 The Ro>al Agricultural Societj • slowjaiil at Cambridge 1810 
(trom J<uT Poy Agnc V>c of Englnnd) 


The «how has stimulated interest in better animals and it has 
been an important factor in ‘ctting ideals Perhaps the chief 
cntici'm of the livestock show is that in recent >ear*, at least, 
its adherents have come to take it too ‘enou'sly, it, like the 
spreading of the purebreds, ' came to be an end m itself Both 
have been steps along the long path of improvement but thej 
do not mark the end — the end is not jet m sight 

Not All the Emphasis on Show It is verj clear that several 
of the earlj breeders gave recognition to performance Bakewell, 
the Colling brothers, and Bate* all used records of a sort 

In 1882 a li«t of registered Jersejs that had completed chum 
tests and had produced 14 or more pounds of butter in 7 consecu- 
liv e daj s w as made av ailable In 1884 a v olume entitled ‘ Butter 
Tests of Jersejs, a continuation of the list, was published 
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In 1870 the Holstein co^\, Dowager, was reported to have pro- 
duced 12,681 pounds of xnilk in one year Five years later the 
highest production was 16,274 pounds, and m another five years 
the record was 18,000 pounds 

In 1890 Dr Babcock had completed perfection of Ins butter- 
fat test, and from that time on increa'^cd attention has been 
devoted to recoids of production in daily cattle 
Laying trials, first held in England m 1897, were apparently 
the first organized effort to stimulate interest in identifying su- 
perior laying stocks In Canada and the United States the first 
egg-laying contests were held m 1911, the former in British 
Columbia and the latter in Connecticut 

Out of such beginnings have grown record-of-performance tests 
for both dairy cattle and poultry, and each year record pro- 
ductions have been pushed higher and higher Unfortunately, 
however, too little of the benefit lias radiated out to the rank 
and file of our herds and fiocks It is estimated that after all 
the effort that has been put into cow testing only 5 1 per cent 
of the milk cows in this country are tested 
The difficulty may be that the wrong approach has been made 
to the spreading of improved germ plasm Perhaps, instead of 
attempting to get a high percentage of the commercial stock 
tested, tests and purification of the key herds and flocks should 
be emphasized, with the expectation that the benefits would 
radiate to the commercial producer We have observed this 
procedure to be successful in crops 
There can be no doubt that both the bi eeder and the commer- 
cial producer of today are interested in efficiency of production 
Here lies a great opportunity for improvement of the economic 
position of the livestock industry The problem is to organize 
the industry so that present knowledge of animal improvement 
may be used to full advantage 

BIOLOGY IN RETROSPECT 

Studies by Aristotle (384-322 no) arc generally recognized 
as marking the beginning of the developincnt of biological science 
In 1675 Hamm and Leeuwenhoek di^scovcrcd the Inimnn sperm, 
in 1672 De Graaf discovered the Graafian follicle, and early m 
the eighteenth century Spallanzani showed that both sperm 
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and eggs nerc iiccc«arj tor the initiation of deielopmcnt The 
great significance of the=e Inndamental facts on animal breed- 
ing remained unrecognized until after the rcducoicrj (1900) of 

Mendel slaws , , , i 

Manj notable contributions were made howe\er, to biological 
science during the eighteenth and nineteenth centuries The=e 
contnbutions e\entuallv helped to clanf> genetic knowledge, but 
man> of them clouded the i»‘nies for the time being Darwin’s 
(1859) great contributmn Origin of Specie® led to a great 
deal of confuted thinking regarding genetics Dunng the latter 
portion of the nineteenth centurj and carl> m the twentieth 
centurj, animal breeder® and man> biologi®ts were chiefly con- 
cerned with the inheritance of acquired characters tclegonj and 
maternal impre«®iona Manlj Miles (1888) one of the mo«t 
progre«ane educators of liu da> on li\c®tock breeding wrote 


The habits and characterutics of animal that have been developed 
b> the conditions in which tlic> arc placed or the peculiar training 
the> have received at the hands of man appear to be trancmitted from 
generation to generation with nearlj the same certamtj and umformitv 
as tho e that characterize the onginal t>'pe or pcrios from vchich tlie> 
are descended The influence of the male m the process of procrea 
lion IS not limited to his immediatt off pnng but extend, a)*© through 
the female that he has impregnated to her off pnng b> another male 


These beliefs Ijecame «o well entrenched m the public mind 
that it was not until about the twenties that the> became 
fairlj well uprooted from the ininda of ev en the better informed 
Biologists of cour e became aware of the un=oundne«s of these 
beliefs at an earlier date \\ti'-mann m the nineties advanced 
what are still «ound arguments agam«t the inheritance of acquired 
characters It was not however until 1909 that the inheritance 
of acquired characters was disproved Castle and Phillips (1911) 
temoved the o\a.?vis (tovw aw albino guinea pig and transplanted 
the ovancs from a black guinea pig m their place the white 
guinea pig produced j oung in accordance w ith w hat w as expected 
of a black guinea pig 

In the late nineties Francis Galton a cousin of Darwin began 
to appl> statistical anal>ges to the phenomena of variation and 
hereditv and thus laid the foundation for that branch of biological 
science now known as bwmetry 
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Early Studies of Gene Identification 

It has been recorded that Bates, while attending Edinburgh 
University m ISIO, learned much of the science of animal breed- 
ing ^hich enabled him to achie\e still greater success as a 
breeder ^hen he returned to his farm At that time there w as no 
biological information that could ha\e aided Bates in furthering 
his breeding program, at that time, and still later, the leading 
biologists depreciated inbreeding, the tool that Bates used iMth 
such remarkable success 

Mendel In 18G6 the Austrian monk, Gregor Mendel, pub- 
iidied results of his studies from the crossing of peas These 
results came to be known as Mendel s laws and laid a foundation 
for that branch of biologv known as genetics It would be 
difficult to make e\cn an c'^timatc of the economic benefits man 
has alrcadj reaped from the applications of these fundamental 
principles, and it appears todaj that man has not as yet made 
c^ on a good start in the application of the principles to increased 
production of food and clothing 
Rediscovery of Mendel’s Laws Mendel’s work was so far 
ahead of Ins daj that the results remained unheeded until thirty- 
fi\c jears later when tliej were rcdi'5co\crcd simultaneously by 
do Vries, Correns and Tsehermak That the laws were published 
in an insignificant publication i*? not sufficient c\planation for 
their being unheeded Biologists of that period were absorbed 
With the topics of c\olution and the inhcntanco of acquired 
character^ 

Early Studies of Gene Identification After the rcdiccmcr}' 
of Mendel s laws Intercast and research m the new field increased 
rapullj At first it appeared that it would be ^cr^ simple to 
breed better plnnt« and animals with the aid of these new bio- 
logical principle’s As m\estigators proceeded with their rc- 
«cirche« thc\ found that what thc\ had come to think of as 
character^ were not inherited in the ‘'iinplc Mcndchan pattern 
Plant breeder" went much farther with gene identification than 
nnimnl breeders and ha^c 'wicccedcd in making «omc applications 
to practical hree<linp from these studies Ite<(ftrclicnj in the 
animal field haNc tontnhuteil little directh to the job of breciJing 
better animal" through this nuthod of attack TIiln ha\c, liow- 
e\ir helped to demonstrate that fiw tlmractcr« of economic 
importance are inhcritt<l in simple Mcndchan fn«hion and thus 
i1h\ lm\( nid(sl in budding n lictUr jdulo«opln of mcthwls of 
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Hi'toncal Back^t)und 
improMDg animals b> breeding than was po= ible earlj m the 

twentieth centurj , . , , i j 

Early Studies of Inbreeding Significant studies of inbreed 
ing n ere reported bj Ea t on com m 1907 bj King on rats in 
1918 and by nght on guinea pigc m 1922 Thc«e and other 
studies laid a foundation that changed the whole pbilo ophj of 
the applications of Mendels law « to the impro\ement of plants 
and animals Plant breeders were quick to make practical u e 
of lhe«e fact<= and bj 1930 plant breeding was being adtanced 
rapidlj 

Early Studies of Inbreeding Farm Animals During the 
twenties ee\cral expenment*- of inbreeding farm animals were 
initiated Taken as a whole the e -dudies jielded negatue re 
suits but tlej were at Ica^t useful in demon trating how not to 
proceed with inbrcedino farm animaU «cen in retrospect 
lhe«e earlj attempts at inbreeding farm animals were for the 
mo«t part weak in four re«pects (1) the be«t stock a^allablc 
was not u cd as a foundation (2) 'elections were not made on 
the ba*is of performance (3) rigid 'terns of breeding full 
brother 'I'ter matmg'^ for example were followed (4; the expen 
ments were conducted on too small a «cale 

Studies of Crossbreeding During the thirties 'ei eral 'Indies 
of breed crones were pubh bed The^e 'tudics \enfied what 
manj practical luc'tock men in Bnlain and Amenca had for 
5 cars both believ ed and practiced Thej demonstrated if there 
was anj cause for doubt on that «core that the li\e®lock breeder® 
through deielopment had made a definite practical contnbution 
to impro'eroent bj breeding Tlie \erj fact that cro 'ing the 
breeds u'uallj results m increased \ngor is endence that the 
breeds differ geneticallj and thi« difference proi es that breeders 
bad made progre«s in the separation of genetic materials A 
further benefit from theec 'tudics is that thei made a definite 
etyntnWtiGQ to the dtrvdopment of sj stems o1 breeding 

Eecords of Performance Breeders of race hordes dairj 
cattle andpoultn had for a long time giicn attention to record* 
of performance but dunng the thirties se\cral studies and pro 
posals were ad\anced m regard to records of performance for 
meat animal* During this time the earlier propo aLs for dairj 
cattle and poulln, were reworked and reappraised Thc«e studies 
and proposal* abo ad\aQced «\6tematic breeding 
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Inbreeding. Large-scale studies of inbreeding tv ere initiated 
during the late thirties and early forties Most of these studies 
were centered m the Bureaus of Animal Industry and Dairy 
Industry of the United States Department of Agriculture, m 
cooperation Tvith state agricultural experiment stations These 
large coordinated studies now cover swine, sheep, poultry, beef 
cattle, and dair}' cattle A large number of scientific papers have 
been published as a result of these researches, and several inbred 
lines of In estock that appear very promising have been developed 
and released In the mam, the coordinated programs referred 
to center around the application of inbreeding, crossbreeding, and 
selection to the improvement of farm animals by breeding 
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The Reproductive Organs 

The process bj which new individuals come into being is 
known as reproduction Reproduction is an orderlj, s>«tcmatic 
process by which each of the 
parents makes Aerj definite 
contributions to the new in- 
dividual’a constitution It i« 
through the understanding of 
this process and its application 
to the problems of animal 
breeding that animal breeding 
IS gradually becoming con- 
verted from an art to a science 
Birth IS commonly con«id 
cred as marking the beginning 


Figs O* urn from llic Fro 9 Sperm cell (.4) Photograph 

<B) Drawing (After Meves from 
Arcy Deielopment oj Anatomy ) 

of the new induidual’g life Actually the new individual starts 
its life at the tune of fertilization or conception At this time 
two germ cells, tlie egg (Fig 8) and the sperm (Fig 9), unite, 
and therebj the new indmdual comes into being 
38 
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GENITAL ORGANS OF THE MALE 

The male reproductive system comprises the following organs: 
(11 two testes, (2) the epididymides, (3) the ductus dejerenies 
(the sperm ductsl, (41 the vesiculae seminales, (5) the prostate, 
(6) the tno bulbo-urcthral (Cowper’s) glands, (7) the urethra, 
and (S I the penis. 

The Testes. The function of the testes is to produce sperma- 
tozoa. They are enclosed in the scrotum, a diverticulum of the 
abdomen. At one time the scrotum was considered merely a bag 



Fia. 10 Genital organs of the bonr. (From Ellcnberger-Lci's^ring, Atlas oj 
Anatomy, Alexander Fger, publidier; reprinted by permission.) 

1. Testis: ; .t. »as ilefprens; ■!, nrtery ; 5. ^eslciilap semlnnles; 0, 

prostate: "* Ct»wpt*r’s itlaml; R. muscle; D, 9% nod 0“, penis; 10. retractor penla 
muscle; 11. prepuce; 12. orlllce of preimtlal |*otHli ; l.a, glans penU 




Fio. 11, A fcecUon of ihe effercnl duel id ihe rat, illu<tratmg the pro- 
DOtmeed eecretory acUvily of the duct. 


and to the male genn celk of many animals Rams consid- 
erable tvooi over the ecrotum frequently become stenle during 
hot weather. Ciy'ptorchids are males in which one or both of 
the testicle® haie not descended to the scrotum. The unde- 
scended testicle is usually stenle, and the explanation is that 
the abdominal temperature is se%cra\ degrees higher than that of 
the scrotum. 

The tunica lagtnalis -propria, a serous membrane, covers the 
greater part of the surface of Ibe testis Beneath the serous 
membrane is the funtca albuginea, a fibrous capsule rich in 
IjTnphatics. Septa of connective tissue and muscle fibera pass 
from the tunica albuginea into the testis in the form of a mass 
of fibrous tissue called mediastinum testis. Other fibrous proc- 
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The Epididymis 

esses project inward and dnidc the glandular portion into lobules 
The glandular portion of the is composed of convoluted 
seminiferous tubules Siicrmatogoma (sperm-producing cells) 
are situated within tlic seminiferous tubules Sperm production 
IS di'icu'seed on page 59 

Between the tubules is a loose connective ti'^sue containing 
numerous hmphatics, blood vessels, nerves, and interstitial cells 
The interstitial cells apparently produce a hormone which is 
vital to the function of the other sccrctoiy oigans of the male 
reproductive system and to the sexual impulse I^Iore details of 
this hormone are discussed under the sex hormones 
Several seminiferous tubules unite to form a straight tubule 
which pa'sses into the bodv of the mediastinum The straight 
tubules, when within the mediastinum, unite to form a network 
of vessels called the rete testis The efferent ducts carry the 
sperm cells from the rete testis to the head of the epididymis 
The efferent ducts vary in number (a dozen or more) in different 
animals They are lined with epithelium in which the secretory 
function IS highly developed It is highl> probable that this 
secretion and the secretion of the epididymis contain elements 
which are vital to the nutation and ripening of the sperm cells 
The Epididymis, The epididymis is attached to the testis by 
connective tissue, the efferent ducts, and the serous membrane 
It IS so closelj attached to the testis tlmt it is frequently thought 
of as part of the testis, it is removed with the testis m castiation 
It IS, however, a distinct organ and has a special function* 
storage of sperm It consists of three parts head, bodv’, and 
tail The efferent ducts lead to tlic head which consists of a 
dozen or more tubules Thc^c aic grouped into lobules (four 
or five tubules m a lobule) which unite to form a single tube 
The single tubes of the several lobules unite to form the single 
tube or duct of the cpididjmis The cpididjrais proper is a 
single tube very much coded, in man it is about 20 feet in length 
The epithelial cells lining tlic head arc columnar and possess 
marked ‘‘■ccrctorv nctnitv Tlic bodj and tail of tlie cpididjnnis 
IS a storage place for spenn celK There is some evidence to 
indicate that ‘•perm ceH< go through a beneficial ripening procc-s 
while being stored in the epididvmi'! The tad of the epididvmi* 
lends to the ductus deferent 



Fw 13 A w'ction ihroueh thi^ l>o>l> of the epj<liil>fnM (rat) Note the 
low cTiihchuro the email smount of eecrrtjcm and the ahundanre of 
eperm eelLt 
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The Urethra 

The Ductus Deferens. This slender tube 
of tlic epididymis to tlio pehic part of the iiretli 
of this duct IS ^eo- small hut the nail is ‘ “ 

Each ductus dejerens ascends m its inguinal ^ ^ 

the peh 1C car ity The tu o ducts come to he ^ 
the neck of the bladder Heie they are flanked 

vesiculae seminales At tins point the uc ^ under the 

and are knouu as the ampullae The ducts pass under the 

prostate and teiminate m the j , the 

The Vesiculae Semtnales this pair oi 
ductus dejerentes laterally near their ""‘^“es in 

the stallion tliej are G to S inches long and ^ ^ 

mr m .z - -rr 

:^roTh:’ur" atorrUe pomt as the ductus 

'thTprostate This gland lies on the neck of the bladder at 
the beginning of the portion 

enclosed in “^P';*'^ ^ ,„bule is crossed by a duct nhich 

IS divided into The secietion of the prostate is 

gues off numerous „ „,,„„etcristic odor In old ani- 

rt^t^r^n^^rfr^urn^ - - 

presence of calcareous t, glands, tvo m number, 

The Bulbo-Urethral^“ Jo^ZLo to’ the isehial arch 
are situated on ^ ,nchc, long and 1 inch uide 

In the stalhon } imbedded in muscular 

hssuV'Thca are aery' large m the boar, being about 5 inches 
, 1 or more in iiidth 

thra The urethra of the male is a long tube of mu- 
The bite [rom the bladder to the fflnas perns 

cons mein ) . contains fine clastic fibers and is sur- 

Thc "’“t “ i^clnr and erectile tissue The ductus defereittes 

l°'T!,ltculne scunnalcs open to the urethra close to its point of 
The urcthri lliererorc, senes as a passage for both 
''r'n'" and «euien Sinio urine is toxic to sperm, it Ins been 
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a-'umed that at lea^t one funct on of the accc‘-«or} =exual glands 
(bulbo-urethral, pro-tate, and leticulae seminales) i- to cleanse 
the urethra and change the chemical reaction v.ilhin it 

The Penis This i- the male oi^an of copulation It* «hape 
and «ize are quite lanable in different «pecie« It i« composed 
c««CDtiallj of erectile ti"ue, and at the time of erection it becomes 
gorged with blood 

GENITAL ORGANS OF THE FEMALE 

The female reproductue organa con-i't of (1 1 the two o\ane«, 
in which the oia ari«e (2i the tno Fallopian tube* or oiiduct- 
nhich con\e> the o\a to the hums of the uteru«, (3* the uteru-, 
•ahercin the oium implant*- and deiclops ( 4 i the \agina, an 
or^an of copulation through nhicli the foelua mu‘-t pa*® when 
expelled, and (ol the iiiUa, the terminal organ of both the 
genital and unnan fi\$tein« 

The Ovanes The oianes are located m tlic 'ublumbar region 
Thej art ‘>u‘'pcndcd bj the nitsoianum In a mare of medium 





The Ovaries 
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The Reproductue Organs 

Mze they arc about 20 to 22 inches from the ^ 1 lUar orihcc and 
m the con, about 16 to 18 inches In the con they may be 
readily located b> rectal palpation, bnt tin** operation some- 
nhat more difficult in the marc, e-Tieciallj m large mare-* 

The o\anes are much smaller than the testicles In the mare 
they are about 3 by 1^^ inches and somenhat bean shaped In 
the con the\ arc about V/j bj 1 inch and rather o\al m shape 
In the son the> arc proporlionatclj much larger, and u=ually 
the} haie an irregular lobulaled appearance 

Pentoncum co\er« the entire o^aT} except the attached border 
nhcre the ic'^cls and nencs enter Germinal epithelium forms 
the surface of the o^ar\ In mo«t animal« the o\ar} is some- 
nhat diiided into a cortex, in nhjch the follicles nith the dc\ elop- 
ing oia are located, and a medulla nluch is nch in blood ^es«els, 
l}’mphalic«, and ncnc» A. network o! conncclnc ti««nc forms 
the stroma or supporting tie*uc of the ovaiy The egg sacs or 
Graafian folUclca are located betneen the mc«hc5 of the stroma 
One Graafian follicle u-ual!} contains ©nh one dei eloping ovum 
The follicles ^ar} in size according to their stage of deielopment, 
the more advanced project the surface of the ovary slightly At 
maturity the follicle rupture®, thus aliening the egg and follicular 
fluid to c«capc This is ovulation 

The Fallopian Tubes Thc«c tubes lead from the ovaries to 
the horns of the uterus The} arc about 10 to 12 inches long m 
the SOM, COM, and mare In the cmc the} arc slight!} shorter 
Tlicir diameter is ^c^} 'mall, e^pcciallj at the uterine end The 
ovarian end, the ampulla, js somcMhat larger, at the ovarian 
extrcmit} it becomes slightl} funnel shaped to fit around the 
ov ary. 


A «erous coat covers the tube, fibrous ti«-5ue and «ome niu«cle 
fumidi support, and a mucous coat lines the tube The epithe- 
lium lining IS of smglc-lavercd columnar ciliated cells It is 
assumed that the ciha produce a current M-hich forces the ova 
toMard the utcru« Some force other than gravitv mu«t move 
the ova toMard the uterus because the tubes are greatl} coiled 
The Uterus Implantation of the fertilized egg and develop- 
ment of the cmbiyo occur m the uterus The uterus is a hollow 
muscular organ nhich is capable of expanding greatl}, as it docs 
dunng pregnancy Tlic uterus consists of tMo horns, the body, 
and the neck or cervix Tlic boms arc continuous Mith the ova 


The Uterus 

ducts but they are ruuch larger In mos^ 

demarcation is quite sharp, hu j j tl,e mare, 

other gradually horns ^ 

about 15 inches in the cow , fa inciies 

5 feet in the sow .nclics long in the mare, 1% 

The bodr of the uterus is about S inclics lo „ 

inches in the cow 1 inch or less in the ewe, and 2 inches 



. ,.1 tl c cow with the dorsal portion of tlio 

Pro 16 uterus romoiod 

, remote o or» »“'• ' ' 

a OTar> b a i \ \ 

uterus } ctr>lx g vas • 

1 ,n the uterine all serous muscular, 

There are tiucc „ ,5 essential!} two la}cred, the 

and mucous The mus ^ longitudinal fibers whereas 

estcmal being ‘X" ular fibers Between the two is a 

the inner is tliicK an „„,eous membrane is 

lascular la}cr of ,„gl, columnar cells and contains 

co\ cred h} a sing c ^ ^ mucous mom 

numerous uterine g of prominences, the uterine cot}- 

hranc is marhed )} connections between the uterus 

Icdons The cot} ” j.„ol, eol}Icdon has a deep face with 

and the scU enter 

a hiUim at w m ,nto the \ aginn In the marc it is 

The netk or cc inches m diameter, in the cow 

about 2 to 3 inches long 


4S The Eeproductue Organs 

It 15 about 4 inclie5 long and 1 inch m diameter, in the ene it is 
about 2 inches long and 1 inch in diameter, and in the "on it 
Ina^ be 6 inches long 

Tlic circular muscular coat is "vcrv thick about the cer\ix and 
forms a 'trong sphincter In the cow the lumen is spiral and 
u'ua\\> clo'cd tightU , m the ewe the lumen is clo ed bj promi- 
nences and deprc'- lon^ of the mucous membrane 

The Vagina The \agina is a pa« age extending honzontallj 
from the ccnix to the ^uUa It i« an organ of copulation It, 
like the bod\ of the utcru®, ha« de\tlopcd from the fusion of the 
cmbrNonic Mullerian duct® Tlic \agina i« separated from the 
uterus In the ccr^ ix and partialK separated from the v\iU a bj 
the In men a fold uhuh narrow® the entrance to the \agina 
Tlic wall of tlic xagina i® compo wl of two coats the outer one 
being niu'cular and the inner mucous The muscular coat has a 
thin la'cr of longitudinal fibers and a rclatncK thick la^e^ of 
circular fibers There i« al o considerable mtcrmuecular con- 
ncctnc tissue m it« wall« The mucous coat is covered with a 
stratified epithelium Tlic \agma like the utcru® js highh elastic 
and i* capvblc of great dilation which is necc® arj m giving 
birth to voung Tlic vagina has no glands 
The Vulva. The vuUa aUo known a® the urogenital smu-*, 
IS the terminal organ of Imth the unnarv and the genital sv “terns 
ll i« a conlimution of tlie vagina and the urctlira leads to it« 
floor The diametcf of the vuUa Is con-iderablv larger than that 
of the vagina The wall of the vulva arc well supplied with 
gland* whieh arc cjKciallv active during ‘■txual excitement 
The chtons he- partiallv imlicd led m the po tenor floor of 
the vulva It is the liomologut of the pcni« and excepting the 
urethra consists of the s-ainc part® 

SEX DIFFERENTIATION AND DEVELOPMENT 

The Indifferent Stage I arlj m the life of the individual it 
1 . imiKi- il.lc to <b tinguidi it® ®tx M lhi« lime the gonad* arc 
in an mdifTcnnt •■tatc uvmg no cxidcnco a® to whether thev will 
ikvtlop into tc^tc® or ovane® an 1 tht individual po e* c* two 
dirmnt dun ®x .tern- If the inliMhnl develop mto a female 
fno«fUe>-vncm«dcvtloi»-intotht oviducts uUru« and vagina 
ft-d Uc nUr ^^»tcIn remain- nidimcnlarv If the inlividual 
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become, a male «ion the 

the female develops into the male duct sj stem 

that dee clop, m the origin of the gonads is 

Development o£ the Gon ..-(.em In mammals and 

clo'clj associated \i ith the nep paired 

birds thtee distmct excrtim^ beautifully the law 

organs and appear in svicct lu » 

of recapitulation embrjos but never 

The pronephros appears n ,,„pP.bia The 

becomes functional ev en m ^ clopment m the mammal 

mesonephros attains a hi„u b becomes the permanent 

but IS replaced b> the metanep i 

, ridaclihe thieUening (gonadial ridge) 
Each gonad arises as a g 

on the mesonephros t he n „ germinal 

ated from the tnesonephros S 
epithelium become laigoi t 

called primordial germ cell t],„y 

primordial genu cells is no j sloping gonad and another 
arise bj cell earned 

IS that thej arise m entoc stream Regardless of 

to the germinal ^ ‘^d,,y recognised in the germinal 

their previous bistorj tl J „ testis the cells of the 

epithelium If the gone underlying tissue and form 

genmnal epithelium tl,e seminiferous tubules 

cordhhe masses which m develops into an ovary 

which produce sperm cc 5 underljing tissue and 

the primordial germ c ^ follicles which contain the ova 
diffcientiate into the o 

(See Chapter IV ) Systems While the embrj o is 

Origin of two duct sj steins arc equallj well de- 

m the indifferent g n,e'onephric and the Mullerian ducts 
\ eloped the^ arc ^ ,>^crctorj outlets for the excretions 

The inc«oncphnc t uc mdiMdual becomes n male the> 

of the me rm duct*; and the ‘scmmal xesicle« The 

dexclop into jc come of the mc«oncphnc tubules uhich 

cpididxnni'i iri'^e inc-onephne duct The prostate 

connect the , ori«c from the adjacent urethral epithelium 

and Co%\pcrs 
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If the mdiMdual becomes a female the Mullcnan ducts dc% clop 
into the oMducts, uteru« and \agina The \agina and the body 
of the uterus are formed from a fusion of the two ducts 
The Mullerian ducts degenerate m the male, and the meso- 
nephric degenerate m the female Certain ^e«tigial structures 
remain, howe^e^, m each ca‘sc Tlie normal male ha« a structure 
called the appendix of the testis and a uterus mascubnus, and 
the normal female has remnants of the mesonephric duct and 
tubules knowTi as the epoophoron and a faint counterpart of the 
vas deferens knowm as the canals of Gartner Under certain 
abnormal conditions the^e organs which should be \e®tigial de- 
\elop partial! j , then the indi\idual approaches the condition of 
the true hermaphrodite 

The External Genitalia During the indifferent stage of the 
joung cmbiyo a central prominence (genital tubercle) appears, 
it 1 ® clo«elj flanked bj a pair of folds (genital folds) , and farther 
to cither side are rounded elevations called the genital swellings 
If the individual develops into a male the genital tubercle elon- 
gates to develop into the pcni«, the genital folds form the prepuce, 
and the genital ewclhngs enlarge to form the scrotal pouches If 
the individual becomes a female the genital tubercle remains 
somewhat vestigial as the chtons the genital folds develop into 
the labui minora, and the genital swellings become the Inbin 
niajora 

Sex Determination. Sex i« inhenled m e«scntiaU> the same 
manner as other character^ (See Chapter \ ) The genetics of 
the individual determines whether the gonads develop into testes 
or ovancs It appears that hormone': then become active (the> 
mav be at work earlier) and pla> a \^tal role m ^ex differentiation 
and development 



CHAPTER IV 


Gametogenesis and the Physical 
Basis of Heredity 

Gametogcnc=is is the general process by -which 
formed An understanding and full apprecia ion o g 
SIS IS fundamental to an understanding of lere i y “ 
plications of modern genetic principles to nniina 
would-be Student of animal biecding nil o -we 
gam an understanding of bon germ cells are produced but 

to ponder its significance , ^dividual 

Primordial Germ Cells Early m the . _ 

certain cells are set apart, the function of "W ic i 
dace germ cells, they are knon-n as primordia go 
Opinions differ as to nhen the primordia ^ 3 

aside In the round worm, Ascaris germinal 
are specialized early in embrjonic life the i ere 
he distinguished -when the embryo is m the tno limited 

»t the sixteen cell stage one of the cells ” 

*0 the formation of geim cells only this ce is 
mordml germ cell In the vertebrate einbno ’“B Jj f ym 
which appear comparable to the primordial 
Ascaris cL be recognized early In some ““““f Jihe 
man they have been identified first in * ^ ^^j^d into the 

hodj From this distant point they ® * , 1 ^ indicates that 

aex gland The nuclear behaaior of tlies 
they are sex cells, but opinions differ as to 
One theory is that thev are the progenitors ° g,,n. 

Another theory agrees that these , functional 

'rations of sex cells but questions whether 0'“ primordial 
'ex cells are the descendants of the early w- theory con- 

In other words, the advocates of the ““^g,rm 

tend that it is unproved whether the even pf 

"lls are the descendants of the primordial germ 
51 
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the epithelium of the sex gland A tinrd \ie\\ is that the abo\c- 
dc=cnbed elements art but a tran«itorj repetition of an ancestral 
tjpe of parental germ cell and that thej have no part in the 
actual formation of the egg and gpenn of pre-^ent-da^ mammaU 
The adeocatC'S of this theory contend that the genn cells origi- 
nate bj proliferation of the gtnninal epithelium 

For practical purpose's it makes httle difference vhich, if an\, 
of the aboee theories is correct, for the end rc«ult is the same 
germ cell aro produced from «pc-cializcd cells and the> arc pro- 
duced m a E> ‘'teraatic manner 

During the procc«« of differentiation, both egg and “penn pa*^® 
tlirough a senes of ehange-s and s(age« ^\Iuch arc c“‘*entianv the 
same The process bj vvbicb spenn cclK arc formed i« kno^em 
a“ gpermalogenens and tlial be wlncli eggs foea) arc formed is 
known a« oogenesis Each pa‘-«cs througlj three eejuie alent ftage« 
Tlic first IS the stage of proliferation, which is marhecl b> rapid 
proliferation of the pnmitnc genn cell* The second i« the 
growth penod, which is tlic rapid enlargement or growth of the 
particular cell or ccHs, that i-, or art alwut to give n c to a 
germ cell or cell* The third is the maturation ®tago, dunng 
which lime important nuclear changes occur The third »tagc is 
limited to the two final di\i»ons and i« followed b> morpholog- 
ical changes in the male gamete 
At this point it IS well to remind the reader that the chromo- 
some numl)cr is constant for the cdl« of an> gntn species of 
animal In the round worm Arcane the number is two The 
chromosome numbers for «omc of our fann animals and man has 
been gi\en as follows 

Cattle CO 

Chicken (male) 30 awl 74 ( lifftjxnt work* rs) 

(female) 3.> ami 73 (Uifferenl workers) 

Goat CO 

Horse CO 

Man 4 ? 

Sheep 54 

Swine 3 ^ 

It I- therefore clear (Iiat niaturation 13 of great importance 
In vertebrates reproduction is dependent on the union of male 
and female germ cells Without pome special provisions for the 
reduction of the chromosomes fertilization unuld double the 



Spermatogenesis 

chromosome number with each generation, 

chromosome number occurs during maturation. The s gn Seance 

of reduction on sex determination and inheritance will be brought 

out later in this book. . .. . ,, 

Spermatogenesis. Spermatozoa arise from the epithelial cells 

that hue the tubules of the testis. A study of 

of the normal mature mammalian testis Mill usuallj re 



Tio 17 Sect, OHS through the ^cmmitcrom tub, lies ‘''f 

piocess o. spermatogenesis as reiealed bj the camera 

Stages of spermatogenesis. The colls within a tubule , 

distinct types. One type is very tall; they are the Bustenaenlar 

cells knoM-n as Sertoli cells. Supposedly they ^ 

serve as nurse cells to the ripening sperm cells. e .. 

the male germ cells. They arc found in various stages of mat- 

uratien and are arranged in a somewhat layered or e . 

germ cells are the descendants of the primitive germ cells 

primitive germ cells after numerous divisions become spemato^ 

nonia. Until puberty spermatogonia and sustenacula 

the only cells Mithin the tubules. At the time of P^^rty 

hy within the testis increases markedly. By ''CPC‘ 

divisions the number of spermatogonia increases At the time 

“E puberty some of the spermatogonia arc re^ ar y 

gmvth period. At the end of this period tliej are knonn 
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primary spermatocytes So far as i- knoirn no riuabtatne 
change has occurred during the transition from a Epermalogonium 
to a pnmarj spormatocjte Certamlj there has been no change 
m chromosome number Tlicrc is an increase m the fuc of the 
cell, the nucleus is larger, and tlic amount of chromatin ha® in- 
creased markedlj Spermatogonia mil be found clf>sc to the 
basement membrane, primary tpcrmatoc} tes are found, for the 
most part, Eoraeuhat remo\c<i from the ba«ement roerabranc 



Fic 18 A du^ramnutic cro<«t «cctiot] of a eemmiferous tubule iHustratmg; 
epermatogenens (rrom Awry Deietopmentnl Analomy tV B Bausders 
Co , reprtnied by pcnnL«ioa ) 

It appears that lhc> cither work their isa> out or are pushed 
toward the lumen of the tubule as maturation adiance* 

The de^ elopment of the pnmar\ spermatoc^ te is followed by 
two di\asions which accomplish maturation The pnmary sper- 
matoc 5 *te dl^^dcs into two «econdary spermatocytes, each of 
which in turn dmd« into two spermatids As the pnmary sper- 
matocirtc prepares for division, the chromatin becomes throad- 
hke At tAis time the efiromatm af*o becomes gathered together 
as distinct chromosome", the members of each pair coming to 
be arranged more or le«s side by side A shortening of the 
chromosomes and at the "amc time a longitudinal split of each 
chromosome follows Longitudinal splitting of the chromosomes 
often occurs previous to the shortemng proce«s and the conjuga- 
tion of the pair member® The pair members usuallj come quite 
clo«e together for a short time and gi\ e the appearance of ha\ - 
ing fused into a single strand Shortlj after this, two splits can 



! 
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be recognized one is the point of union of tlie tiro chromosomes, 
and the other is the split dm\n each of the conjugated chromo 
somes Each pair of chromosomes resembles four parallel strands 
and IS kno^n as a tetrad At this time there usually is a t\MSting 
with results illustrated in Fig 19 The twisting proMdes the 
mcchani'^m for the exchange of chromatin between the pair mem- 
bers, this is the mechanism whereby crossing o\er takes place 


and has great significance m 
the transmi'jsion of hereditary 
material from generation to 
generation 

The next step is a separa- 
tion of the tetrad into two 
diads The diad members pull 
apart, one member going to 
each secondary spermatocyte 
By this process tno «econdar} 
spermatocytes have resulted 
from one primary spermato- 
cyte 

The secondary sperraato 
cj to then proceeds to produce 



a h c d 


Fig 19 Interchonge of chromatin 
between homologous chromosomes 
(After Muller from Babcock and 
Cla««en Genetics jn lielaiion to Aqn 
culture, McGraw Hill Book Co Inc 
reprinted by permis«!ion ) 


two spermatids In this diMsion the bnalent members of the 


diad draw apart, and one member of each diad becomes included 
m each resulting spermatid 

A summary of this iraportant senes of events follows 


1 A spermatogonium grows to become a primary spermato- 
cjte No change m the cliromosomes occurs at this time 

2 The primary spermatocjtc goes through what is known as a 
reductional dm^ion, and two secondary spermatocytes result 
Each secondary spennatocj te contains on]> ono-half tlic number 
of chromo'soincs in the pnmary spermatocyte, and it is not any 
half but one member of each pair 

3 Pro\nQus to the abo\c separation and reduction in chromo- 
some number each chromosome starts to split lengthwn«c The 
pair members each of which is partiallj <5pht, come together and 
form what is known ns a tetrad At this time there usually is 
a twisting of the tetrad which allows for the exchange of chro- 
matin material between the members of the tetrad, this is crosjs- 
mg oxer 
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4. The £econdar>’ spermatocyte ^es through another cell di- 
\asion, kno^ii as the eguatuinal division In this diHsion the 
members of each diad draw apart, and one member of each diad 
becomes included in the tao resulting spermatids 

5 A primary spermatoc 3 'tc, which has the diploid number of 
chromosomes, passes through a rcductional di\i«ion and produces 
two secondary spermatocytes, each of which contains the haploid 
number of chromosomes Each secondary spcrmatocj'te dindes 
equationally and produces two spermatids each of which, there- 
fore, possesses a haploid number of chromosomes. 

The morphologies of the primary spermatocyte, secondary 
spermatocyte, and spermatid arc vorj' similar but the differences 
in the amounts of chroma- 
tin are rather deffnite. The 
newly formed spermatid then 
enters a senes of morpholog- 
ical changes by which it 
becomes converted into an 
elongated element with the 
chromatin material packed in 
the head repon, behind which 
is a slender middle piece, and 
behind that a whiphke tail 
Exc*^ 5 cytoplasm is discarded 
m the process. The greater 
portion of this change occurs 
while the npenmg sperm cell 
is partially buned m a Sertoh 
cell Because of this intimate 



Tiq 20 Disgrammatjc iIluFfratioD of relationship, it has been as- 
rbeiasnofphovofafpe?na<<e}l (Alter famed that Serfoff ccfis im- 
part EUstraance to the meta- 

Aruilomv, W B Saunders Co , te- ,, , . 

pnateJ l,y , morphitmE Epetm cells; this, 

... Asim., ..c, iKwa'-ar, 13 an aH=iimption 
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ry^rrn ..«ii Completed the newly formed 

^rm cell apparently .s strept from the testis through the effer- 
cnl ducts to the epididymis. Tho mason lor this heKcf is that 
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sperm taken from the testis possess little if any motility and the 
secretory activity of tlie efferent ducts is high. Sperm cells ap- 
parently should go through a ripening process in the epididymis 
before they are in the optimum condition for fertilization. When 
males are used more frequently than is usual numerous sperm 
cells are ejaculated which have not completed their full meta- 
morphosis. 

Oogenesis. A cross section of the ovary will reveal ova in 
varying stages of maturation. Mature ova arise from a series 
of cell divisions closely paralleling those described for the pro- 
duction of spermatozoa. They originate from the germinal epi- 
thelium of the ovary. The primitive sexual cells are called 
oogonia; they are comparable to spermatogonia in the male. 
They, like the spermatogonia, contain the full (diploid) number 
of chromosomes and pass through an indefinite number of mitotic 
divisions. Oogonia like the spermatogonia go through a grourii 
period by which they become primary oocytes. The primary 
oocyte divides to form the secondary oocyte, and the secondary 
oocyte divides to form the ovum. Tlie mature ovum like the 
mature sperm cell contains only half the somatic number of 
chromosomes. 

The divisions by which secondary oocytes and ova are pro- 
duced differ from those by wliich sperm cells mature in that 
there is an unequal division of the cytoplasm. Nearly all the 
cjdoplasm goes to one daughter cell of the primary oocyte. The 
one receiving little cytoplasm is known as a polar body. It may 
pass through a subsequent division but, whether it does or not, 
it and its dcsccndcnt daughter cells are not functional. The 
secondary oocyte carrying nearly all the cytoplasm of the pri- 
mary obcjdc also passes through a division by which one daugh- 
ter cell receives nearly all or all the cytoplasm; this cell is the 
mature o\'uin. Tlic other daughter cell is called the second polar 
body, and like the first it also dies. 

Anotlier respect in wliicli maturation of the ovum differs from 
that of the sperm cell is that the ovum matures within a follicle 
(Graafian follicle). Early in the life of the developing egg in- 
different cells encase it. As the oogonium goes through its 
growth period these surrounding cells multiply many times and 
change their arrangement so that cventunlly a largo follicle is de- 
veloped within the cavity between the layers of cells. The fol- 
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licle gro'Nvs under the influence 
anterior lobe of the pituitary 


of a honnonal secretion from the 
The layei surrounding the follicle 



i« fiMt a single la>cr ol cells, later it dccclops into sercrnl la\- 
ers Soon a ca^ itj is fornicl hcUiecn these la^ ers, and the cai ily 
liccomes fillcil wilh follicular duid This fluid contains uhat is 
commonla knouai as I'a, female sea hormone nhich stimulates 
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changes in the female rcproCuctnc tract and stimulates heat As 
the follicle ripens it becomes ^co tliin-i%allccl and bulges the side 
of the o\arj "M in> follicles arc ripening at the «amc time In 
the mare and cow onl> one o\*uin is usually o\ulatcd at a time 
The other follicles, stiimilated to a development which was not 
completed, then degenerate, and a fre«h crop is stimulated for 
the following heat cvcle In the human being it is estimated 
that some 25 000 eggs and fcilJicles arc sacrificed for each men- 
strual c>clc even tiuiugh u^^ually onl> one matures 

Ovulation As the follicle develops it comes clo«cr and closer 
to the «ide of the o\arj The wall Ihms out and tiie follicle 
comes to bulge the surface of the ovarj Considerable internal 
procure is developed, for if the wall is pricked the fluid will 
spurt from the ovarj In normal development a thm clear area 
of the follicle protrudes like a nipple until it bursts and the fluid 
flows or in some instances spurts from the follicle At this time 
the ripened egg is earned from the ovnr> , and ovulation is com- 
pleted The diameter of the sheep egg (outside the zona) is 
about 0 104 mm , in the cow it is about 0 150 mm 
The ripe ovum is similar to the sperm cell in that it contains 
only half the «omatic (haploid) number of cliromo'omcs, it dif- 
fers m that it IS coraparativclj large, it is 6ph'‘ncal m form, it 
contains much re«crve food materials, and it is not capable of 
motion 


The rupture of the follicle is followed b> hemorrhage a blood 
clot then fills the old follicular cavitj After this process the 
cells lining the walls of the follicle {stratum granulosum cells) 
take on renewed activity They secrete lutein cells which ac 
cumulate to become the cottmis luteum Tlie corpus lutcum (j ol- 
low bod>) then becomes an important organ of internal «ccrc- 
tion Its forced removal dunng the early stages of pregnanc> 
at least is followed by abortion 

The Physical Basis of Heredity The chromosomes provide 
the ph>sical basis for heredity The method by which chromo- 
somes are pa««ed from parent to off»5prmg corresponds perfectly 
with the known facts regarding inheritance the chromo«omes bj 
their behaviorism provide the perfect mechanism by which the 
details of segregation independent assortment, linkage, and cross- 
ing ov er can be explained The reduction of the chromosomes m 
gamctogenesis and the subseqi her 
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The Physical Basis of Heredity 

by fertilization are fundamental to a sound approach to an un- 
derstanding of modern animal breeding The student of animal 
breeding uill, therefore, do -well not only to gain an understand- 
ing of gametogenesis but also to reflect o\er and over again on 
its significance m the transmission of cliaracters 

Chromosomes are not the factors of inheritance but they carry 
the factors The factors arc resident on the chromosomes and 
are symbolized as genes A gene, ho^ve^er, as explained in 
greater detail in Chapter ^TII, may ha^ c manifold effects one 
gene may influence coat color, size, and viability, or some other 
combination of characters The gene has not as yet been made 
MSible to the eje, but through crossing o\er, translocations, and 
mutations the gene has been pro\cd to be a definite unit of in- 
heritance 

It is one of nature's many phenomena that the genes are ear- 
ned by the chromosomes Tliere is also ample CMdence that 
they are distributed lengthwise of the chromosome and that the 
distance between the different genes vanes, yet each gene has its 
particular location, called locus, on a particular cliromosome For 
con^emence in Msualizmg tins situation wc may picture each 
gene ns a gem witli its ow*n particular position and setting in a 
broach set wnth many gems of different kinds and sizes ar- 
ranged in a row This arrangement, therefore, proMdes for the 
duplication of chromosomes and genes m the fertilized cell and 
all daughter cells hut for only one chromosome and one gene of a 
giNcn kind in each germ cell (In rare instances duplicate genes 
ha\e been identified in different loci ) Tlie processes bj which 
germ cells arc produced, therefore, constitute the beginning of 
an understanding of animal breeding 



CHAPTER V 


The Breeding Cycle and the 
Sex Hormones 

The age of pubertj marks the beginning of tlic > oung animal s 
abilitj to reproduce At this lime the gonads become functional 
the te'tes commence pritiucing sperm cells and the o%arics o%a 
The on«ct of thc»e phenomena is accompanied b% profound 
changes in the growing animal \ihicli are the re«ult of increased 
aclmt> and readjustments of the endoenne s>«tcm. hor 

mones are released nillim the sjetem At this time the female 
18 generallj high strung or nervous and the mammar> glands 
increase noticcablj in size 

The arrival of pubert) in the male a)«o is accompanied bv 
temperamental changes frequently the animals become nervous 
and pugnacious As a rule marked physical changes occur the 
forequarters crc«t and head undergo marked development and 
m the homed breeds of heep and cattle there is a thickening of 
the horn® These characteristics arc knov\-n as secondarv «cx 
characters *^ocondary sex characters manifest them«el\cs in a 
variety of ways males among the song birds possess the bcauti 
ful voice® and m mo«t birds males possess the bnlliant plumage 
Some of the latter may not be secondary sex characters but sex 
linked characters 

In the selection of breeding stock and m the show ring great 
stress is frequently laid on the expressjou of secondary sex char 
acters H mover the fundamental facts of both genetics and 
ffre phy^ofogj of repnxfuction as weff as some historic records 
of the breeds do not justify this assumption which has come to 
have so much importance m hve«tock judging Alore empha«i3 
IS given to this point in Chapter XI Selection 

Age of Puberty The age of reaching puberty is gov emed or 
influenced by the following factors (1) genetic (species breed 
line and individual) (2) sex and (3) environment especially 
62 
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The Breeding Season 

nutrition As a general rule the representatives of the larger 
species and larger breeds within the species are slover in reach- 
ing puberty than the smaller ones In general; males reach 
puberty later than females Animals reared in a favorable en- 
Mronment and state of nutrition reach puberty earlier than those 
reared under le«s favorable conditions Eckles (1927) has shown 
that veil fed heifers vill, on the average, show oestrus three 
months earlier than those on a light ration 

There is considerable \anability m age of reaching puberty 
but under farm conditions it is about as follovs the horse, 12 
to 15 months, cattle, 8 to 12 months, svme 5 to 6 months, and 
«heep 5 to 7 months Not all eve lambs come in heat at this 
time, and tho«e that do not generally do not mate until the fol- 
loving fall 

The Breeding Season The breeding season is a certain “^ea 
son or seasons of the year m vhich females vill mate Their oc- 
currence is influenced by heredity and environment, especially 
nutrition In vild animals the breeding seasons are generally 
quite periodic but in most domestic animals the breeding sea- 
son occurs at rather regular intenals throughout the year This 
indicates that during the process of domestication and selectn e 
breeding genetic changes ha\c been made in this regard It is 
difficult, houe\cr, to be certain just hov mucli of the change is 
due to a change in genetics and hov much js due to changes in 
cm ironmcnt 

Covs, as a rule, vill breed at regular intervals throughout the 
jear although heat is usuallj more marked m late spring and 
carl} summer Dairjracn, as n nilc, prefer to have cons freshen 
in the autumn but frequently have difficulty m keeping the herd 
on autumn freshening Sovs breed throughout the jear Marcs 
are more hkcl> to shov decided «;igns of oestrus in the spring, 
some marcs come m heat rcgularlj throughout the jear, vhcrcas 
others vnll evince oestrus through the ‘spring, summer, and au- 
tumn Bves of most breeds mate onl> in the autumn and carlj 
Vinter although in «omc breeds the mating season is extended 
over a much longer period In the southwestern part of the 
United State<! man> ewe flocks arc moved in t!ic spring or carlv 
summer from the hot lowlands to the mountains wlicrc it is cool 
and the sheep have frc'-h gri«s Here the ewes breeil and then 
drop lambs m the fall 
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In some species, the males al«o go througli definite breeding 
c>cle« The period of rut is \cr> prominent m the deer famil> , 
at that time the horns arc \icll de\elopcd and the males arc 
^ery pugnacious During the non*bretding season the tc<‘ticles 
go into a «tage of quiescence and the males are ns a rule quite 
docile 

Importers ha\e long hnoviTi that animals, tshen fir«t introduced 
from foreign lands, often fad to breed hut, after becoming ac- 
climated, breed rcgularlj The same difficult} is often encoun- 
tered ^\lien animals are mo\ed from their home cnMronmcnt 
■vsithm the same countrj The author has had considerable ex- 
perience in moMng breeding animals from one experiment station 
to another nitbm the state and Jias learned not to expect the 
animals to perform as i\cl! m their new environment until thc> 
have been given considcrahle time in which to adjust them'^elvcs 
Considerable difficuUv is frc<iucnU> encountered in getting 
•mid animals to breed m captivilj At fir«t it was a®eumcd that 
the failure was due to the changed surroundings and lack, of nat- 
ural exerci«e, but in mo«t ca«C3 where a ptud> was made of the 
animals’ natural diet and a senous attempt was made to dupli 
cate it the animals bred even liettcr than their relatives in the 
■wild «tate Females that are milking hcavilj often fail to breed 
and many females will not breed so long as they are nur«mg 
young 

It IS well known that the anterior lobe of the hypophjgis se 
cretes harmones which stimulate sexual aclivitj but ju't wh> 
«ome animals re«pond more rcadilj with the advent of wann 
weather and others with cool weather is not understood Light 
IS a factor m effecting «exual activitj In «omc birds gonads of 
both sexes are “timulated at am season of the jear by increased 
exposure to light The light apparent!} first stimulates increased 
activity of the h}poph>"«i« This still however fails to explain 
wfiy mares show increased ^exuaf activit} with the incrca«ed 
light and warmth of spnng and ewes respond to either the short- 
ened days or the cool w eathcr of autumn or both 

The Breeding Cycle ^Vlthm the breeding season, heat ap- 
pears in the normal female for llie mo«t part in quite regular 
cjcles Differences in length of cycle exist between individuals 
of a breed or species Variations als) occur in the length of c} cle 
in the same individual c«peciall} among females that are not 
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m the best of physical condition Nevertheless a previous chart- 
ing of the length of heat cycle for individuals is very useful in 
predicting the return of heat The average length of cycle by 
species IS about as follows the mare, 21 days, cow, 19 to 20, 
e\se, 16 to 17, and 20 days 
The cycle of heat (dioestrous cycle) is made up of four dis- 
tinct phases which have been designated by Marshall as (1) 
proestrum, (2) oestrum, (3) metoestrum, and (4) dioestrum 
Proestrum marks the animal s coming in heat At this time 
changes are occurring in the reproductive organs The vulva, 
vagina, and uterus become congested with blood, and the mu- 
cous lining becomes more active in secretion Vaginal smears 
taken at this time usually pos'se^s a few large polymorphonu- 
clear and mononuclear leucocytes, a few nucleated epithelial 
cells, and no comified cells 

Oestrum, or heat i^^ the period when females will mate Its 
duration vanes with species and with indivnduals within a spe- 
cies Here too, however, as in length of cycle there is «ome in- 
dividual consistency, hence a previous charting of the duration 
of heat proves very useful for certain experimental work and for 
certain practices in breeding As a rule, the heat penod in the 
cow lasts 12 to 24 hours, in the ewe, 1 to 2 days, in the mare, 
4 to 5 days, and in the sow, 2 to 3 days 
At this time the vulva becomes swollen and both vulva and 
vagina arc congested with blood Late m heat, vaginal smears 
posse^jj many leucocytes and many ncid-staining epithelial cells 
Few or no comified cells arc prc'-cnt 
^Ietoe«trum is the period when the organs return to a normal, 
non-conge«ted condition Vaginal smears at this time show many 
leucocytes and epithelial cells and a few comified cells 
Dioestrum is the period of rest between licat penods Vaginal 
'incars at this tunc po^^ess variable numbers of leucocjtes and 
epithelial cells and few or no comified cells 

THE SEX HORMONES 

Hormones arc produced bv glands verj similar to ordinary 
glands but differing m one respect at Ica«t (licj are ductless 
Their products arc called internal 'ccrction's and arc ab-aorbed 
dirccth into the blcKxl stream They are then earned to van- 



Fig 21 Diagrammatic sagittal section of pilmtarj Lined brain floor and 

parsncr\osa fine stippJe pars distalu coarse stippJe pars tuberalis black 
pars intermedia SPII sp) enotd bone P pia mater D dura mater DS 
diaphragma sellae AP arachnoid spaces (After Atwell in \evr 1 orfc 
iledical Journal reprmted by permission I 
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Anterior Lobe 

This gland arises from t\\o onginally distinct pnmordia which 
become associated to form the hypophysis One pnmordium arises 
from the pnmitne mouth and the other from the diencephalon 
The first develops into what is recognized as the glandular por- 
tion, pars huccalis or pars glandularis, the latter develops into 
what IS known as the posterior lobe, pars neuralis Each of the 
t^o major portions is in turn divided histologically into sub- 
diMsions An outline of component parts of the hypophysis 
follovrS 

1 Pars buccalts (glandular portion) 

a Pars juxtaneuralis (intermediate portion) 

(1) Pars tuberalis 

(2) Pars infundibulans 

b Pars distahs (anterior lobe) 

2 Pars neuralis (posterior lobe) 
a Emxnentia sacculans 

b Infundibulum 
c Processus tnfundibuh 

The hypophjsis cerebri is spoken of as the master gland of the 
endocrine system, it is essential to health and normal growth A 
large number of hormones haae been attributed to this small 
gland, and more are being attributed to it The better-kno^n 
liorraones are identified and discussed briefly belon 

Anterior Lobe Tcthelin, the growth hormone, is a product of 
the anterior lobe Exccssnc secretion (hjperpituitansm) of this 
hormone produces the pathologic condition of gigantism, and 
deficient secretion (bypopituitansm) rc'^ults m incomplete skele- 
tal dcaelopracnt, a condition knoi\'n as dnarfism E\an9 and 
Long (1921) produced gigantism in rats bj repeated injections 
of the hormone, at the end of the treatment an experimental 
animal iicigbcd 596 grams, and a hcalthj litter mate carried 
as a control weighed onlj 24S grams 
The antenor lobe produces a gonadotropic substance vhich is 
subduidcd into the folhclc-stimulatmg honnone (FSI!) and the 
luteinizing hormone {LII) Tlic chief function of FSH appears 
to he gamctogcnic It regulates growtli and rupture of the fol- 
licle in the female, in tlic male it appears nccc««ar> for condi- 
tioning of the Fcmimferous lubulc^ The result is that germ- 
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cell production m oitlitr nnlc or fern »lt i« nppnrc nlU not po-'^ildc 

TMthcmt on ndwpnte ^uppl> of //'// 

Tilt III «tiiiuihtc« tli( mtjr-titnl tjxHiic and llie pennnifcroui 
cpitliclunn of tlic te«li« and m tlic <nflr\ it rau«4^ tlic tran'’- 
fonintion of tho follnk into a corpu- luUmn The interstitial 
cells of the ttsti*! in turn pro<liict a homionc uhicli stiimilatw 
growth of the acr<s nr\ s(\ orpnn and pceonilnn s(.x character* 
The LII IS thcrtforc, indirtctlx rc-ihinsibU for ?txua! matuntx 
and the de\clnpnicnt of «oni( «nondar\ charm It n-tic* In the 
female its mam tfTtcti art to compltmtnt lh( ISll in caiisuip 
oNoilation to cau«t fonnation of the eorpii« lutciim from the 
granulosa cells of the follicle after otaihlmn and to maintain 
the corpus lutcum once U is fomied 

It 13 clear that hormones pln\ a Mtal part in milk Fterction 
A complcteli deMtoiicd mammara gland mas not lact ite unlf-s 
oUicr factors arc prc'cnt to stimulate its initiation and mainte- 
nance of milk secretion Peter-on r\pn.««cs belief that 

the following organs arc all nuoheal m milk ‘■ccrtlion h>- 
pophjsis thjroid parath>roid adrenal* and pancreas 
The thjrotropic iiormone stimulates growth and function of 
the tin roid gland Since th>roidactnit> ilinctU affects metabo- 
lism tho anterior lobe exerts an indirect effect on metabolic rate 
The adrenal glanda appear to be affected b> two anterior lobe 
liormones one that stunulntes tlic mlrenal cortex and another 
that stimulates the medulla 

All of the aboic dircctlj < r mdircctU alTcct reproduction and 
lactation Additional honnoncs asenbed to tlic anterior lobe are 
those stimulating function of the pancreas the parathj roids, and 
the metabolism of nitrogen carbohjdratcs and fats 

Posterior Lobe At least two piwluclH arnc from this lobe, 
they are pitocin and pitrc«sjn Tlit fonner stimulates contrac- 
tions of the uterus at the time of parturition Pilrcssm assists 
m the control of blood pres-urc fctiinulatcs peristalsis of the 
gastrointestinal tract affects rate of respiration and exerts both 
diuretic and antidiuretic effects 

The Thyroid Tins is a much larger gland than the pituitarj 
It consists of two lateral lobes and it lies below the larynx 
Thyroxin is the actne principle of the internal secretion It 
speeds up metabolic processes of the body An oicractiiity re 
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suits in a high metabolic rate, a high pulse rate, a loss of weight, 
and muscular tremor. Lott activity results in a low metabolic 
rate, a rapid increase in weight, and sluggish mental processes. 

Thyroid activity affects testicular acti\ity either directly or 
indirectly. It has been reported on rats that thyroid removal 
before sexual maturity retards the onset of spermatogones and 
that removal after maturity tends to decrease sperm production. 
Berliner and Warbritton (1937) have shown that a low level of 
thyroxin in rams is at least frequently associated with complete 
or partial sterility. Peterson and coworkers (1941) removed the 
thjToid of a young bull. The animal never attained normal size 
and exhibited no sexual interest, but sperm production appeared 
normal and by the aid of artificial insemination cows were settled 
with his sperm. 

Adrenal Glands. The adrenal glands (suprarenal glands) are 
a pair of small glands situated slightly above the kidneys. They 
have two parts: a cortex and a medulla. These parts like the 
parts of the hypophysis arise from different sources. The medulla 
arises from the same region in the embrj’o that gives rise to the 
sympathetic neiA'ous system. The cortex arises from the celomic 
epithelium very close to the urogenital fold. 

Both the cortex and the medulla produce internal secretions. 
Adrenalin is a product of the medulla. Wlicn it is injected arti- 
ficially the sympathetic ner\'ous system is apparently stimulated 
because vasoconstriction, a rise in blood pressure, and accelera- 
tion of the heart follow the injection. 

The cortex is ncccssarj* for life. When it is destroyed by 
disease, the p.atient develops a group of symptoms recognized 
as Addison's disease. Tlicse symptoms arc progressive muscular 
weakness and emaciation; death follows. 

The Testis. That removal of the testes in young males re- 
sults in undeveloped secondary’ sex characters was known long 
before hormones wore known as such. 

Tlic testicular honnonc stimulates development and function of 
the ncccssorj' sex organs; epididymis, prostate, seminal vesicles, 
Cow’per’s gland, and penis. It also stimulates the development 
of what arc known ns sccondjiry sex cljaraclcrs: tJjc masciilino 
head, hcaty shoulders, coarse hair, and so on. A third effect is 
a stimulation of sexual drive. 
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Dunng the full life of a normal male the testicular lionnonc 
appears to pa<=s through four ritbtr diHinct periods The first 
phase IS prenatal The assumption is, and there is some t\idcncc 
to support it that the tc«ticular hormone stimulates the dc\elop- 
ment of the male acce««oo organs The fundamental factor 
determining whether the gonad- develop into te-tes or o%ancs 
IS genetic Differentiation of the gonad into testis or o\ar> is 
followed normallj, bj the dc\clopmcnt of the accessory sexual 
organs appropriate to that sex It appears that this de^elopment 
IS stimulated b> the testicular hormone in one case and the 
o^a^lan m the other 

The second period i' the prcpubcral one Dunng this penod 
there is a finer and ultimate differentiation of part® Gradual 
growth of the accc««or} organs occur® At this time, the secre- 
tion, if anj, apparentU is at a low lc%cl Studies l)> Hooker 
(1937) show that there is a gradual incrca«c in hormone pro- 
duction throughout the first eighteen months of life m the bull 
As a result of his studio®, Hooker expresses belief that, in the 
bull at least, pubertj is not a penal of great and rapid change in 
lionnone praluction bj the testis, but rather that it is a penod 
dunng which the ti««ucs influenced b> the hormone undergo 
change® esen m the ab«cncc of a corresponding increased stimu- 
lation from the te«tis 

The third penod is that m which the rcproductixe sjstem is 
full} functional, this ma\ be continuous as in most farm aniraafs 
or it mas be decidcdlj seasonal as in deer ground squirrels, and 
other® The difference between the two, continuous and seasonal 
breeders, appears to be that the gonadotropic actiMt^ of the 
hjpophjsis IS continuous m one case and periodic in tlic other 
It IS assumed that actmly of the h\poph>sis is stimulated bj 
some enuTonmental factor In some birds increased light pro- 
Mdes the stimulation Increased light, howe\er, has shown no 
effect on the ground squirrel but a decrease in lydii j} 

response in the ferret and the sheep It appears therefore, that 
the different species respond to different stimuli There are al«o 
some indications that animals in which breeding actnity is con- 
tinuous are subject to different levels of actiMt> Observations 
indicate that e\en m species where breeding aclivitj is continuous 
different levels occur and that thej occur bj seasons and bj 
cjcle® wilhm the seasons 
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The fourth penod is that of senility During this stage there 
IS a gradual diminution of reproductive capacity This phase 
IS of much practical interest to livestock breeders becau^^e in the 
past many sires have reached the point of being proved sires and 
the age of senility at about the same time Through a more 
complete underatandmg of the underlying factors, breeders maj 
some day be able at least to delay the state of complete senility 
Another approach which would accomplish the same practical 
end would be to speed up the processes by which sires are proved 
These four periods or stages in a male's reproductive state 
are very interesting It appears that they are due primarily 
to varying degrees of stimulation from the anterior lobe of the 
hypophysis It IS po^^^ible that such stimulation is not the sole 
cau^e but that other hormones or varying physiological states 
may cause the animal body to be moie receptive to hypophyseal 
stimulation at one period than at another 
The male hormone, tcstosteione, has been isolated from the 
bull testis Othei androgens al«o have been isolated or synthe- 
sized, but none has proved as potent as testosterone 
There is considerable evidence to support belief that the male 
hormone is produced by the interstitial cells of the testis A 
cro«s section of a functional mammalian testis wnll reveal many 
‘Gemmiferous tubules, wherein sperm cells are produced and the 
interstitial tissue, as the name implies, is located between the 
many tubules 

Cryptorchid te'stes (undcsccnded) of mammals become sterile 
because the abdominal temperature is higher than the «crotnl 
Increa'scd temperature is destruotive to the germinal epithelium 
of the testes The germinal epithelium can be destroyed likewise 
through direct application of bent to the scrotum Cryptorchid 
tostes or heat-treated testes are sterile because the germinal tissue 
of the testis IS destroved The«e teetes, however, continue to 
‘'cercte the tc«ticular honnone, but tliere arc indications that 
the hormone production is not «o large as that from normal- 
functioning testes It !«, thorefore, po-'^iblc that the lieat treat- 
ment reduces the potency of the interstitial cell", or it !«• po««il)le, 
although it doe-' not appear likoh , that the germinal epithelium 
produce^ a hormone that cither dircctlv affects sexual activity 
or accelerates the interstitial androgens 
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Fio 2S Section thro'ich ^cl«at f! have l>oen ibe fcmimferou* ttibiiloi 
of a coptorcbul rat Not* tlic alw'nte of <lo\elojims ptll* Contract 
with Fig 17 


The Ovary. The o\anc« sene c^sentjally tlic eamc purpo«e 
Ml the female that the te«tcs do in the male, they protluce the 
germ cells and are the source of the hormone production that is 
essential to a functional reproductne tract 
Female germ cells m the mamnial grow and npen within a 
follicle ithin the follicle follicular flunl, and this fluid con- 
tains the important female <-cx liormones such as t«trogcn, or 
estrogenic hormone Onginall> it was thought there only 
one female hormone, hut it has been found that there are sct oral, 
and the term estrogen or estrogenic honnone, has been adopted 
to indicate any and all of the hormone® of this group Estrogen 
is also found within the corpu® lutcum 

Estrogen has duersified effects but the mo't significant are the 
stimulation of growth of the female reproductive tract and the 
mammary glands The secondarj sex characters in the female 
are dependent on this hormone as the secondarj sex characters in 
the male are dependent on the te«ticular honnone O\anectom\ 
IS followed b> atrophj of the accessory genital organs and retro- 
gression of the secondary sex character® Ov anectom> in imraa- 
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The Ovary 

ture animals is followed by lack of development 
genital organs. It is also frequently followed by reduced physical 
activity and lack of sexual drive. trict 

Estrogen serves as a regulator of the female ^ 

and of the sexual cycle. In the adult it stimulates developing 
of the uterine mucosa and thus aids the preparation *e derus 
for reception of the fertilised egg. If the egg is not fertilised 



Tio. 20. Groafran follicle of the cow contuninK on ovum nbout ready to be 
ovulated 

or if the terliliscd egg does not implant, the mucosa ^''cd and 
a new mucosa development is stimulated by a nett det elop g 
follicle or follicles. The development of the uterine ' 
he stimulatetl experimentally hy injcet.ons of estrogen. E trogen 
also stimalates an increase in the rate am '“m 

eontnietions. In aihlition it has a vasodilator}- efTeet on capd- 

brics of the eiulonictriuin. Txinr./tntn 

r.strogen 1- aho fotiad in the conms hilenm and the plhoontm 

Chemical eompoamh having .Mrogenir efTee.s on the 

htx-n i. 0 late,l from the hlo.nl an.l nrmo of ''Hj" ^d 

(pregnant and non-pn-gaant). plac.da, 

variom plants, ami from th- ttaler -f e « im 

prt-, at la n.ale nriae i« ntther comtaal hut m femah 
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^a^cs ^^^lh the nicn«tnm1 or c\rlc In non prcgnint 

\\omcn the maximum i® rtachtd about three to fix l)cforc 
men«truatKin Dunng prtpianrs the amount incrci'-cs after the 
cightli weeh, reaching a maximum afiout the tum of parturition 
The Corpus Luteum Thi« orgm, often cillcil the 
hodj, 1 “ a gland that dc\elops within the o'ar% and i® tran«ient, 
its duration being largelj dependent on Ibc fate of the H^t omin 
(or oia) released 

i\ relati\el> Finall amount of c-^trogin i*? hiiind in the cor^uis 
luteum Progesterone and rclaxm art Uie chief honiu nes of this 
organ Progesterone has the effect of continuing to ttiriiulatc 
the uterine dc\clopmcnt initiated ha estrogen U is ntce-ssarv 
that this dcaelopmcnl of tlie «tcru« lie continued, t»thcnii«e the 
uterine mucosa imU not Itc in a ?ati«factora condition for the 
implantation of the developing ovum Pemovnl of the corpus 
luteum after implantation and through about onc«lhifti of p'‘cg- 
nanej will u*uall> be followed bj abortion Bthaaior and func- 
tion of the corpus luteum aancs according to spccit* In the 
hor«e and the human tlio corpus luteum h i» for the most part 
disappeared ha the end of tlie first third of pregnane) As tlie 
placenta develops it liccomesan important source of progesterr no, 
and apparcntlv it gradualK replaces thi» function of the corpus 
luteum 

Progesterone inhibits gronili of the Graafian follicle® and, 
except on rare occasion* no further ovulations occur after im 
plantation until after parturition Apparentlj progesterone pre- 
vents the anterior lobe of the h)po]>h>sis from secreting the 
hormone ncct«sar> for follicular development 

Relaxin stimulates relaxation of the pclvac bones this effect 
is especiall) marked m the guinea pig Rclaxm is produced in 
larger amounts shartlj before partuntion 
l ot e tralatirmabjjp xvf Jicvxosms} As Aviwrnvjm?*- atv 

becoming better understood evidence of a strong interrelation- 
ship between the various hormones continues to accumulate 
This interrelationship has been likened to that of an endless chain 
There is little question that the hjpophv«i3 is the master gland, 
but it m turn is affected bv ovcractivit) or underactivitj of other 
glands All of them are affected b> the general well being of the 
animal 
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Under certain conditions it appears that the so calico m 
female hormones have complementary etlec s. 



CllAl’TCn VI 


FerlilizaLion and Prenatal 
Development 

Fertilization i3 the union of tlie female nnd male germ cell* 
ovaim and *'pcrm In mammals fertilization occur* in the utenni* 
tube, u'uallj theoaanantml It i« therefore nccc^^ara for tin* 
eperm to tra\cl the full length of the uterus and mo't of the 
Fallopian tube before it rcaebc* the egg 

Sperm Travel The mdiMdual sperm cell appears much like 
a miniature tadpole and moves tnucb like one 
At the time of copulation sperm celU arc dtfxi^itwl in mn«*, 
and an active maes of sperm sets up a nhirhng motion of the 
semen that can he casil> noticed when the semtn i« oti erved in 
a vaal The mov ement is quite rapid Various conjectures have 
been advanced as to hovi sperm cells travel from the place of 
deposit to the upper end of tlie Fallopian tube It ma> be that 
an active ma«s of sperm moves itself along much more rapidly 
than indivndual spenn 

In the marc stincn is u'uallj deposited in the uterus during 
coitus, hence it is not ncce"!ar> for epenn to travel the full 
length of the uttru* In the dog coitus is accomp miwl and fol- 
lowed b> violent contraction* of the rau>-culaturc of the uterus 
and tubes that suck or pump the sperm toward the egg 
Parker ( 1931 } lias advanced (fie interesting tfieorj that the 
cavity of the utenne lube is divided b> its folds ana muscles into 
a number of longitudinal compartments The compartments next 
to the tubular walls have currents which move from the ovarj, 
and the central compartments have currents which move toward 
the ovary Eddies are thu* formed which are aeaumed to work 
the sperm along the tube The compartments arc supposed to 
76 
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be due to the muscular actunt.es of the tube, and therefore the 

compartments are . y but of those that 

Thus sperm are mo.ed tonard the y 

ha\e been mmed toward the or ary so theory is correct 

only to start the pm^ey -- bit some are 
Sperm are moved back and fort 

mo.ed toward the oiary p J,ber’s explanation is not 

It IS rather clear, however. because Phillips and An- 

the sole explanation of sperm tr sperm 

drews (1937) found that. ^am sperm led in the 

was injected in the vagina of ti , ^ t^eorj 

race toward the ox ary It wo PP variability in 

of sperm traxel is ---‘’/'^^^^^^"“tltmverse the oviduct 
the length of time required for the ox^ 

but that does not appear to be * ® conducted on mcth- 

Althougli considerable --"^^''^.^toVsperm move or are 
ods of spenn tra^ el, it is still 

mox ed from the cervix to the upp reports regarding the 

search workers al=o marked^ 

time required 'f" f *°^‘t,,er generallj accepted that sperm 
end of the oviduct It is ra „„ the time necessarx 

traxel is xerj rapid m the d g, tb^ cervix to the end 

for sperm to travel in sheep 3 minutes The 

of the oviduct have constitutes a long journcj for 

length of the uterus an ^ i,{(. ,5 filled 

so minute an organism as ^ ^ there w as not cBn«ider- 

with raanv variations. Inr this joumcv Both the 

able ^arlabllltv m the » travel tlo hn^c considerable bear- 

method and the rate of spe that more rc-carch bo 

mg on fcrtlUt^ , therefore More information is needed 

conducted on both pha^c** o ^a^latlons tliat arc 

regarding the facto^ ;;^^„fcond.tion« 

to he expected under jjj,tKhke x i=coeo fluid made up of 

Semen. Semen H a deferentm, nominal 

j.cerction«? from the i Couper's gland** Tlic amount 

\CNiclc«, the «;pwie' of nnimalH ind uith indiMdua1<« 

of ejaculate xane« '1 t^alixc data on «pcnn numlicrs arc pre- 
^ ithm the ftpccic** ^ v 
ycnlcil lu Table 
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Table V Qualitative Data os Srars riwiM ‘^mthal SrLciES 
(AtterLombertand McKtniiP, Cxr SG7) 

Volume iwr Sperm 


EiacuUlc, 

per 

Total Sp< rm 



Cubic 

CuUc 



Ccnti 

Milb 

p*r 


Ammal 

meters 

mcu.r 

FjacukiU 

pH 

Stallion 

75-lW 

CO 000 

C 'iOO 000 000 

7 0 7 8 

Bull 

3-1 

800 000 

2 800 000 000 

0 5-7 5 

Ham 

0 8 

1.000 000 

800 000 000 

0 2 0 B 

Boar 

200 0 

100,000 

20 000 000 000 

0 8-7 2 

Dor 

7 0 




Fox 

1 S 



0 2-0 4 

Buck (rabbit) 

0 7 

700.000 

500 000 

0 8-7 6 

Turkey, tom 

0 3 




Cock 

0 Q 



7 3-7 8 


Marshall (1922) reports that human “cmen consists of about 
90 per cent xiatcr and 10 per cent 6olid« Data on the amKscs 
of semen from man, the liorsc, and the dug arc presented m 
Table VI 

Table \I SnirN Asaltbes 


(After MAreliAll, The Phynolofy of lieprodudion) 



lloree 

Dog 

Man 

Water 

95 71 

97 56 

00 32 

Total Bobds 

4 30 

2 45 

9 CS 

Ash 

0 92 

0 C9 

0 90 

Orsamc matter 

3 38 

1 76 

8 78 

All protein matter 

2 24 

I 26 

2 85 

Albumens Rlobulcns, and 




nuclcoprotciDS 

1 14 

0 891 

2 58 

Mucm 

0 56 

0 oc[ 

Albumoscs 

0 54 

0 31 

0 41 

Dpoids 

0 17 

0 18 

0 21 

Cholcstena 

0 004 

0 oooe 

Vanoas organic substances 

1 09 

0 31 

6 72 


Viability of Germ Cells Opinions dilTcr as to hoii long germ 
cells remain alive withm the female genital tract Kot many 
exact studies have been conducted on this point but all tho«e 
that have been indicate that neither sperm nor ov a remain aliv e 
for long It is al«o quite clear that sperm cells lose their powers 
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of fertilization before they lose motility; in other .vords motility 
is no guarantee of fertility. . 

There are specie differences in regard to f 

cells Egg cells are shorter Ih-ed than sperm cells. The life ot 
the sheep ovum is probably less than 24 hours. In many mam- 
mals it probably is much shorter. The vast majority of sheep 
sperm cells are dead 24 hours after coitus; but fertilization i 
sheep has been knon-n to occur 52 hours after 
deuce was gathered by deduction: a ewe was bred Pr‘='''^o 
heat (oblation occurs late in heat in the ‘^we); she was de- 
stroyed and the fertilized egg was recovered; the time of mmla- 
tion was calculated by comparing this eggs stage deve'«P; 
ment with that of other eggs ot known age. Day (1^) has 
shown tliat horse sperm will remain fertile six days m the mare 

Tnt“ertm may follow coitus m cattle it is 

nccessaiy for the sperm to live 24 hours or more be“u e ormla 
tion does not usually occur in cattle until about 24 hours after 

heat has passed. , 

Fertilization has been reported to occur as late as 32 d^s 

after insemination in the ben and hedv eaJty- 

thus their sperm cells are probably ° 

higher abdominal temperatures, which are known to shorten 

lives of most mammahan sper,n^«^^^^ the egg apparently 

produces a jg produced by the mammalian egg. 

sperm. Ivo similar - jeeturcs regarding attraction be- 

Thcre have of 'selectivity in the egg, and so on. It 

tween the two, p gp(,m, is 

appears, ’ j^gnee which spenn swimming along finds 

IftfRcly ft matte nuincrou'* occ.T*ions the author 1ms 

the cgR in its ecc in F.^Uno solution under the micro- 

plnccd ft fresh un cr . active sperm to one side of the dish, 
scope nnd then ftt < ^ oh«cr\'ed. In not ft single 

The spcnn« olv«cr\'e<l to deviate fnim its path toward 

in.«tancc wfts ^ pnerm pa*^^! clo®c by t!ie epe; hut tho^-c 

the unfcrtiliic< ^ n»atic contact by btin-’inp them- 

that found the cps 
selves in the epe- 
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The zona of the fresh ovum is rather gelatinous. Only the 
held of the sperm penetrates the egg proper; the tail is left m 




Fk 77 Mstuntioa asd f^ilualion of tiic o%'U2i la tfc« nouw*, (AfU>r 
Fo^jotta. frofa IWnirr. T^Jll>ooi, of llulolo^'j. The Bbkutoa Co, ptJ>' 
rcjnntcdhA rMTr>*r'oa) 

rntrant^ «rf c»n •o4 fArtnatkiB ef lt» na^Kl iretur IwwJx; 

<it tL» {iftiserirl 7-J, la tl*e trit dlTUloo ot U-e 

l»rins»»«l r:g 


tho zonjL Almo«t fijnuUanctni«ly ttHIj fertilization a ftrtiliza- 
tiotj inembrane is thn»wn up around the eg", int-idc the zona; 
tin* irenibran** pre^enti a second sperm from fertilizing the egj^ 
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Be^eral sperm usually penetrate the zona but on y one p 

bates the egg proper , , , i. 

The chromatin material appears to be packe a mos so 
the sperm head Once the sperm head is within le ovum i 
pands, the chromatin material reforms into ciromo^mes 
haploid number) It is no^ the male pronucleus 
the second maturation di\ision of the egg is not con^ e e 
fore the egg is released from the ovary , it may e\en e e 

until the sperm has penetrated the egg The secon , 

dmsion alvajs is completed, ho^vever, by the ime le 
pronucleus is formed The reduced nucleus o e egg 

“rr,™;,. .„o..h ..w - >-» “■ 

thus the normal number of chromosomes is rest ^ 
one member of each pair being supplied b> 
other by the egg , t,,eir fusion a 

After fonnation of the apparatus sup- 

niitotic spindle is formed from the cen immcdmtcK goes 

plied hj ?ho sperm The fertilized egg almost immedintelj g 

into Us first mitotic dnision ■\\nicthcr the egg is fcrtil- 

Passage of Ovum down to tlic horn or the 

izcd or not, it slovly passes do^-n powers of motihtj , 

hod\ of the uterus The o' uni i ^ o'lducts precludes the 
and the greatly coiled condition During ocstnis the 

po '=ibiht> of gra\ity cau'=mg jJj^|“ncrcn':o in rate of mii^ciilnr 
o'lducts of the sow exhibit a gra correlated with tran'=port 

actnu> This increase appear* 
of the G'nim, but it is uncer ai 

'^ard the ulcnis <onic significance tliat about 

It i« interesting and required m the ewe, the 

Ihe same length of tune ” ^ down the o'lduct 

and the cow for pa® ‘'S 

pkenatai. pevelopment 

,t« bh from tlie moment of fcrtili- 
The new indiMilii'l i« u-ii illi ron-ulcred the b<-- 

zalion rather Ihn" "* Iha* '1"’ "1 fertilintimi 

waning A ■uP”*'""''’* '"ntril 'i'*’'’ ‘h’'' ' n" npahk of 

the tno pmiit- I-"'® „i.nl- ml ••nlnnrc 
Wiing to the tu" 
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Fertilization and Prenatal De\elopment 



Fia 2S(fl) The pcrio 1 of Ihe oMim m thi* sliccp Tho 32l| hour ’pmmrn is a «c-ihonoil orr, tlio two 
pronacfci esn be sern The 9-(lny IS hwir <«jwimra fi\ed before bcinR photopnphed npi cars «nnUer 
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breeding. The reproductive organs of the dam provide the en- 
vironment for the new individual for the first portion of its life. 
The prenatal period may constitute one-third or more of the total 



Fic. 30 Ftc-My implanted ovum of the pig. 


life of modem market animals. Hence the heredity and the en- 
v-ironment of the dam provide the environment for the new in- 
dividual during its early life. 

Foetal Membranes. The first task of the embrj'o after im- 
plantation is the development of the extra-embryonic membranes. 
The embrj'o must have food in order to grow. The dam's blood 



Foetal Membranes oo 

supply is the food source; hence a communication must be estab- 
lished. Three membranes are developed; the allantois, the am- 
nion, and the serosa. 

The allantois is essentially an outpocketing of the hind gut. 
As such it enlarges untd it comes in contact with the serosa, 
the outermost layer of the three foetal membranes. The allan- 


Entoderm of primitive gut 


Amnion 
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Prenatal development is dmded into three general periods 
(1) the period of the ovum, (2) the embrjonic period, and (3) 
the foetal period The period of the ovum extends from fertile 
zation until the gcgmcnting egg becomes attached to the wall of 
the uterus The cmbi^onie period is that time when the organs 
and body parts ate being formed The foetal period is a period 
of general growth and a general rcproportionmg of bodj parts 
Period of the Ovum Segmentation of the egg follows fertili- 
zation and proceeds as the pa««es down the oviduct and 
horn In the sheep and the bovine the first division is completed 
about 2 da>8 after fertilization It is impossible to be exact m 
timing growth during prenatal development bccau«e there is 
always the lack of certainlj regarding the exact time of both 
ovulation and fertilization The segmenting ovnim does not be- 
come larger until the zona pcilucida is lost some dajs later 
For some unknown reason the subsequent stages of segmenta- 
tion are reached more rapidly than the two cell stage The four- 
cell stage IS reached about 3 or 4 hours after the two cell stage, 
and the eight-cell stage 2 to 4 hours later 
About 4 da>s are required for the egg to pass through the 
oviduct of the <ow , the ewe and the cow , and the eggs of all three 
species are m about the same stage of development (about the 
16 to 32 cell stage) at the time of reaching the horn of the 
uterus 

In the sheep and the bovine the zona is lost about the begin- 
ning of the sev enth da> after ovulation At this time the egg 
IS well segmented and is m what is Known as the trophobla«t 
stage The zona of the newly ovTilated egg is rather vi«cou« 
The zona disappears as the egg ages, and shortlj before it dis- 
appears it IS quite brittle It appears that the zona is lost mainlj 
by shattering 

It has nev er been made clear whether the dev eloping egg re- 
ceives nutrient from the mother prevnous to attachment It ap- 
pears that the segmenting egg may get along veiy nicely on its 
own reserve cytoplasm until the zona is lo«t After that it ap- 
pears logical that the free tropboblact maj pick up nutrients 
from the secretions within the uterus of its dam 
Implantation attachment of the developing ovum to the wall 
of the uterus occurs in the sheep sometime during the tenth or 
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eleventh day. In the bovine it occurs about 12 days after heat 
harna-ed but since ovulation occurs after hea has passed m 
fte bo^ne: the actual age of the new individu^s ,s about the 
same in the two species. In the sheep and the bovine the first 
step in implantation is a sticking or gluing of the embryo to the 
wall of the uterus. 



■ :™.,lnnlation. The uterus was laid open. 
I’lo. 20. Babbit ovum ready for implantatio 

Importance o£ Understandine^Pr^natalD _^ 

student of animal breeding ni _„_vina fimires illustrating 

considerable time f fully appreciates how 

prenatal development. The a ^ 

the new the significance of the nppliea- 

ground with which to understan better position to op- 
tions of genetics; „„^.ironment plays in animal 


rreciatc the relative importance env 
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certain area or areas, depending on ll.c species, the allantois 
fuses with the serosa to form the chorion. 

The chorion and the uterine mucosa make contact and to- 
gether form the placenta. The placenta is therefore in part 



foetal and in part matcroal. Placental tj-pos van* -rith species. 
In the pig and the horse the chorion and the uterine mucosa 
come in close contact through a diffuse arrangement of chorionic 
rilli. This is known as the diffuse t>*pe of placenta. 
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The ruminants, cattle and sheep, have the cotyledonary type 
of placenta. In this type the chorionic villi dip into the uterine 
glands. The intimate contact is made in a number of small areas 
knon-n as cotyledons. This type of placenta is regarded as more 
efficient than the diffuse type but less efficient than the deciduate 
type of the carnivora. In the deciduate type the contact between 
foetus and mother is much more intimate; there is an actual ero- 
sion of the uterine mucosa. It is assumed that the erosion is ef- 
fected by ferments liberated in the chorionic epithelium. In 
primates and rodents the erosion of the uterine mucosa results in 
the opening of the maternal blood channels; the chorionic villi 
are bathed in maternal blood. 

In all types of placenta the result is the effecting of a means 
of vascular contact between foetus and mother. 



I10.33. llUi''tniUnR llie %a«rnl'\r contact l>cl'%ccn dim nnd foetus. (From 
Arry, Dcvc1of>mtfilal Anatomy) 

Embryonic Period. The crnhiyonic period in the sljccp c,x- 
teiab from the tenth or eleventh day to about tlic tbiriy-fourtb 
day. In the bovine it extends from about tlic eleventh day to 
the foriy-fiftii <Iay. Tliis is l|ic jH>riod during •ulhch the body 
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organs arc laid donm It 1 “ a pcnod of rapid clmngc and rapid 

grovith t f r 

The cmbrjomc pcnod is n ^cn important one in the lilc oi 
the indiMdual One misplaced cell at tfus time ma> lead to a 
genous malformation The fundamental means b> ■which the 
manj bodj organs and their ti«-uos arc formed arc little under- 
stood It seems odd that each of the manj, roanj highlj difTcr- 
cnliated bod\ cells should carr> the same component number of 
chromosomes and genes as the original fertilized eggt and \ct 
that 13 our present understanding of the situation It appears 
that the differentiation of tissues and body parts is effected 
through the reaction of the genes and tlicir en\ironment In tins 
ease the cnMronracnt is proeidcel by the tissues and their secre- 
tion®, both of which arc products of the onpnal fertilized egg 
Here indeed is one of natures great phenomena, yet it is oc- 
curring go regularly in our daily Incs tliat an occasional malfor- 
mation 13 often looked on as aery strange The student of ani- 
mal breeding will do well to pau'c at this point and meditate on 
the remarkable prcci«ion wnth which all the many details 
organology are earned out, for through pondenng he should 
widen his perspective of the mechanisms involved 
The Foetal Period This is the period of grotrth In the 
sheep It extends from about the thirty -fourth day to the one 
hundred forty second to one hundred forty -eiglith day, and m 
the bovine it extends from about the forty-fifth to the two hun- 
dred eightieth day Dunng this pcnod the ratio of sue of body 
parts changes markedly The head liver, and heart, for in- 
stance are much larger dunng early foetal Jjfe than later 
Foetal Nutrition The total amount of dry matter present 
m the newborn ammal 18 very email but nevertheless it is very 
important because only a slight reduction in amount or propor- 
tion may make the ditfercncc between life and death 
Verges (1939) found that when ewes were kept at constant 
weight, through controlled feed intake dunng the latter half of 
pregnancy, the twin lambs weired only 6 pounds at birth, 
whereas ewes fed to gam 39 pounds dunng this pcnod produced 
lambs that averaged 9 pounds 

Murhn (1916) studied meUbohsm in the bitch dunng two 
consecutive pregnancies m which one pup was produced at the 
first and five pups at the second birth Increased ealonc energy 
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production due to the single foetus was detected at the sixth 
week Between the sixth and eighth weeks it amounted to 9 
per cent At full term the total cncrg>’ produced was propor- 
tional to the weight of the offspring, and it was about equal to 
that required bj the newborn pups Birtli caused no deflection 
m the cune of total energj production of the bitcli and her 
pups It IS extremely interesting that the number of calories 
produced by the resting pregnant bitch and her foetuses and 
foetal membranes was about the same as that produced after 
parturition by the lactatmg bitch and her resting pups 
The necessity for an adequate supply of amino acid**, Mtamins, 
and minerals appears to be c\on more important to the develop- 
ing foetus tlian the total plane of nutrition 

It IS well recognized by practical stockmen that the Mgorous 
well-developed newborn is more likely to sur\ne and thrive 
than the individual that is less well-born The would-be con- 
structs e breeder is, therefore, well adM«ed to give careful con- 
sideration to the environment of the young previous to birth 



CHAPTER VII 


The Role of Heredity 

Everjone believes m hcre<lil> although he ma> not al^a>s rec- 
ognize the completeness of hi« belief As a simple illustration, 

It IS ncll known and recogmrcil that offspnng tend to roemble 
their parents, for example, a llcrcfonl cow bred to a Hereford 
bull will produce a Hereford calf The control exercised b> in- 
heritance OAor the animals development and life itself is xer\ 
broad, so broad that much of its control is overlooked Not 
onl> i« there a resemblance between related individuals but 
there IS a uniformit> ir. the appearance and development of 
characters In siieep, for example, the lambs teeth arc all pres- 
ent the fir«t jear, in tlic shearling the center incisors arc re- 
placed b> two permanent ono«, m the two «hcar the second pair 
are replaced, m the three «hcar the third pair and as a four- 
V car old the sheep exhibits a full mouth In hor«cs and in cattle 
still different timings arc followcil in the replacement of teeth 
One of the best illustrations of the complete domination of an 
organism by hercditj is to be found in comparatu e embn ologv 
Here the evidence is so overwhelming that it is ca^ilj overlooked 
The mammal, dunng prenatal life, more or lc«3 relives the live* 
of its ance trj a close «ludv of the figures illustrating prenatal 
development of sheep and bovunc (Chapter will show how 
the new indmdual pa««es through various stages bcanng rc-cm- 
blances to the ancestral forms through which it is believed the 
mammal passed in Us long joume> of cv olution These re-ern- 
blance* become much more marked when the details of organ- 
ology arc studied This ,s known as the thcorj of recapitula- 
tion Recapitulation never estabh hes an identitv between the 
erabiyonic stages of the higher forms and the adult stages of 
the lower forms Tlie iropnnt of the earlier ance«tral structures 
arc left but thej are modified somewhat or covered bj the ac- 
quisition of new characters which have been added through the 
manj, manj generations of evolution 
at 
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The abo\e analogy may be illustrated by the following the 
fertilized egg may be compared to a single celled protozoan such 
as the amoeba, the 32 cell stage to a protozoan such as the 
flagellate, the blastula stage, 
about the time the zona pellu- 
cida is lost, to a form like the 
VoKo\, and the gastrula '^tage, 
the egg at about the time of im- 
plantation, to one of the sponges 
The elongated stage that follows 
implantation may be compared 
to a simple flatworm, shortly 
after this the body form becomes 
somewhat hke that of the Am- 
phioxies The analogy may be 
carried much farther, but doing 
«o leads to a study of compara- 
ti\e embryology 
Hammond (1940) has ex- 
tended the theory of recapitula- 
tion to encompass the e\oluUon- 
arj changes made during domes- 
tication and the improvement of 
animals by breeding Further- 
more, he has made practical in- 
terpretations from this funda- 
mental Ian of biology Ham- ^ 
mond points out not only that 
the modem farm animal relues 
the li\ es of his remote ancestors 
but al«o that he passes through 
the body form of his not too 
distant ancestors Note the sim- 
ilarity in body form and propor- 
tions of the 4-day old Suffolk 
Iamb and the advxlt unimpro\ed Mouflon (Fig 6) Note also 
the general similarit> in bodj outline and proportions between 
the nenbom pig and the adult nild boar (Fig 34) Hammond 
contends that m the hands of man the procc«s of bodj deiclop 
inent has been speeded up ma^kcdi^ and this speeding up of 



Fig 34 IHustratJCg tbe evolu 
tion in body form of the pig 
Kote the similanty in general 
outline of the young pig of today 
and that of the wild boar (After 
Hammond ) 
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development has cpeemllj cffcctecl nn increa.cd proportion of 
the tormcrlj late-dcv eloping parts 

Hammonii prc-cnts data from McMtckan to shon that, as 
the plane of nutrition is increa=Ml, there is a corresponding 




Fic 35 Illustrating changes in btxly proportions of the pig as it grows up 
Right, the Engianil Middle White, left the Large White (From Ham- 
mond Farm Amrnah ) 


crease in the rate with which the animal passes through the e\o- 
lutionary changes of form and proportions (Fig 35) Accord- 
ing to Hammond the bead is one of the early-de\ doping body 
parts whereas the lorn lags in dcitlopmont Through an in- 
creased plane of nutrition the ratio of bod> parts has been 
changed markedlj Hammond then makes this \ery practical 
deduction “ unle‘‘S the pig is put on high plane nutrition and 
has a good growth rate the full commercial qualities of the breed 
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cannot be exploited nor can the capabilities of tlio animal for 
producing a high proportion of loin to head be detennined and 
so proper selection of breeding stock be made” 

The aboie discussion has led the reader somenliat bejond the 
scope of this chapter and into that of later chapters The pur- 
pose oas, hooeaer, to gne the student of animal breeding a 
bird’s-eye new of the many ramifications of heredity beyond 
the details of single gene effects 



T'lo 36 Illustrating diflereoces m body proportions of pjgs at 16 weeks 
that had been fed on high and low planes of nutrition The weight of the 
bod> part of the high plane pigs is shown as a percentage of the weight in 
the low plane (From Hammond Farm Animals ) 

The lavs of inlientancc not only seek to account for the re- 
«cniblance of related indmduals but also recognize and seek to 
explain the lack of similantj betTfccn related individuals 
Hereditj, liovNcver, does not need to account for all the re'sem- 
blances of related indmduals The as'sociation of offspring mth 
their parents is an important factor affecting the offspring’s 
traits Range cattle shifted to confinement tend to raise mid 
calves like themselves That heredity is the onlj governing 
factor m this ca®e is unliKcIv , rather, tlie a='!ociation of the calves 
iMth their dams who arc ncrvou« and liigli strung because of 
prcMoU'? cnMronmental influences the important factor We, 
therefore, need to exorcise a certain care in accounting for the 



9S The Role of Heredity 

similarities of related mdiMiluals bccflu<«c cn\ironmcnt, even to 
the point of similar food, fts well as heredity pH>s an impor- 
tant part m bringing about similarities and likcu i“e ^ ariations 
Heredity and Environment The individual’s ultimate at- 
tainment in life IS detennmed b> both heredity and environ- 
ment, and a deficiency m either will interfere with maximum 
attainment Figure 1 illustrates a five day-old Hackney foa! 
showing remarkable action This is the roult of its inheritance, 
for environment has not yet liad the opportunity to exert any 
appreciable cficct Fventually environment may play an im- 
portant role m bringing out certain refinements of action so that 
the foal may develop into a future pnre winner It is perfectly 
clear, however that tbe foal’s inheritance has already circum- 
scribed its possibilities, for instance, no environment can so af- 
fect this foal that it will develop into either a race horse or a 
draft horse 

A satisfactory picture of the interworkings of heredity and 
environment may be obtained if we visualise heredity as cir 
cum^cnbing an individuals future attainments mental and 
physical, as well as morphological This is illustrated in Fig 3, 
the outer circle represents the hereditary limits of the individ- 
ual’s possibilities at the time of fertilisation Tlic small dot rep- 
resents its attainments at that time IMicther the individual 
ultimately fills the circle depends on its future environment, but 
regardlees of its environment it cannot go beyond the bounds 
of its heredity 

Heredity, therefore is fundamental and may be thought of as 
furnishing the foundation, with environment completing the 
structure Hence another method of illustrating the interrela- 
tionship betw cen heredity and environment therefore is to think 
of heredity as the foundation of a building The ty pe and size 
of the foundation place very definite limitations on tbe type and 
size of building that may be constructed, but it docs not guar- 
antee that a building of a certain type and size will be built 
The abo\c illustrations of the relationship of heredity and 
environment arc correct m the abstract but in actual operation 
the mdiMdual is the result of the interworking of heredity and 
environment Each affects the outcome of the other 
Lush Hetser aud Culbertson (1934) studied the relative effects 
of environment and heredity on the birth weight of pigs Their 
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findings \\ere that only 6 per cent of the variance in tv eight at 
birth was due to the heredity of the pigs Environment common 
to litter mates was responsible foi 47 per cent, and environment 
not common to litter mates was responsible for tlie remaining 
47 per cent Of the 47 per cent due to environment common to 
litter mates litter size is credited w ith 7 per cent, j ear w itli 5 per 
cent, ration 4 per cent length of gestation 2 per cent, and other 
causes 29 per cent The hcreditj of the dams undoubtedly is 
one of the important factors that cause the other 29 per cent 
Wright (1920) made one of the first careful analjses of the 
relative importance of heredity and environment, in a study of 
the amount of white spotting m guinea pigs One of the stocks 
used for analysis had been inbred by brothcr-and sister matings 
for more than ten years, hence it should liave been highly pun 
fied The other stock, was an outhred one Careful analysis 
showed that the amounts of variance due to environment in the 
two populations were about the same 0 354 in the inbrcds and 
0372 m the outbreds, but environment was the cau«e of 97 2 
per cent of the variance m the inbred stock and the cause of 
67 8 per cent of tliat m the outbred stock 
The above is a very good illustration of a character that lends 
itself to accurate measurement but one that would not be con- 
sidered subject to that much environmental influence 
Detailed pursuance of the above and its applications wall be 
found in later chapters chiefly Chapters XI and XII The 
purpose of introducing the subject at this point is to widen the 
viewpoint of the student before he becomes engrossed in the 
details of inheritance 

Every organism becomes what it becomes as the result of its 
mhontance and its environment A serious deficiency in either 
one w ill result in an organism that is a failure Since an organism 
cannot develop be>ond the limits set b> its inheritance and since 
a proper environment is necessary in order that an organism may 
expand to the limits «et bv its inbentance, it is essential that 
the breeder who wishes to produce animals to the best adv antage 
should suppU his animals with ns desirable an inheritance as 
possible, and as desirable an environment as is m keeping with 
sound cconomj The trulj constructive breeder should however, 
rear hi& animals m an environment that is as similar as possible 
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to that under ^\hlch the commercial dc«ccndant« of his stock arc 

to be produced 

Maternal Influences The actual genetic contributions of the 
i^^o parents are equal (ignoring for the time being, differences 
m the X and i chromo-oincs m\ol\ed m detennination), jet 
the direct effect of the mother ma\ he greater than that of the 
father on the offspnngs dciclopment Thi« is due to the fact 
that the mother furnishes the environment for the offspring from 
conception until birth and usuallj contnhutC'» nntcnaH} to the 
envnronment from birth until weaning A classic example of this 
IS furnished m the reciprocal cro«sc« of Shire and Shetland hordes 
b> Hammond (1940) At birth the cro'sbrtd foal out of the 
Shire mare weighed three time* as much as its reciprocal mate 
and at four jears old it still weighed onc-and-a-half as much as 
the foa! out of the Shetland mare 'Hie cro'-sbrecding studies 
of Bwnne bj inters et al (1935), reported on page 248, show 
that crossbred sows, owing to their own greater vigor, contnbute 
about as much increased performance to tlic offspring os the 
increase in vigor of the pigs due to their own cro*sbred state 
So far as the joung arc concerned the increased performance 
due to maternal influence is environmental and not hcreditarj 
Control of Heredity The live«tock breeders aim is to gain 
a maximum control over here<lit> His ambition m breeding for 
improvement is to exerei«e «ueh control that in future generations 
onl> the mo=d desirable characters ma> he perpetuated and the 
undesirable ma> be olunmated However if one considers that 
the determiners of the future animal® vanous characters are 
wrapped up m probabl> thousands of genes the genes in some 
40 to 60 chromosomes, and the chromosomes in cells from 
1/125 000 to 1/125 of an inch in diameter one can appreciate 
how extremel> difficult and c\en unhkelj will be the control of 
hertditj through the manipulation of the«e innumerable details 
The control of hereditj in animal breeding i*, however, far 
from hopeless The two germ cell® that unite to produce the 
new indmdual an^e from the individuals parents, and it is bj 
means of them that the individual inherits all its anatomical, 
physiological and p®> chological character- A more complete 
understanding of the parents’ genotvpcs gives the breeder some- 
thing more tangible to work with than concentration on pheno- 
tv-pe It 13 po-ible to obtain a better understanding of the 
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individiiars genotype through the development of groups of indi- 
viduals that possess a high intrarclationship and a strong similar- 
ity both phenotypically and genotypically. (This too is discussed 
more fully in the following chapters.) The genotype of the indi- 
vidual and his near relatives becomes more completely revealed 
when they are reared under a more completely controlled environ- 
ment and in an environment designed to bring forth both the 
traits desired to be perpetuated and those desired to be eliminated. 

The above does not, however, eliminate the need for increased 
knowledge and appreciation of the many details of inheritance. 
An appreciation of these details will enable the breeder to ap- 
proach his task more intelligently. 



CHAPTER VIII 


Fundamental Mendelism and 
Animal Breeding 

Gregor Johann Mendel, an Au<tnan monk and teacher of the 
phj«ical and natural ecienccs in a monastic school at Brunn, 
Austria laid the foundation for an understanding of the lavss of 
hereditj Brief accounts of his work \icrc published m 1S66 in 
the proceedings of a local scientific societ> tl)e> remained un- 
heeded until rcdi'cotered «imultancou«l> thirty-four years later 
by Tschermak of Au«tna, dc ^ nes of Holland, and Corrcn» of 
Germany 

For eight y ears by the crossbreeding of peas Mendel made a 
«cnes of hereditary studies regarding the bchavnor of contrasted 
character® From these sludie* he drew some conclusions noii 
known as Mcndols laws of heredity which deal with the in- 
heritance of contrasted or allelomorphic characters The work, 
although earned on with pea® ha« been confirmed as ba«ic to 
the whole problem of mhcnlancc 

Mendel’s Objective Mendels close observations of cross- 
yjrceding led him to believe that certain ancestral characters re- 
appeared T,nth a definite numencal regulanty when the hybnds 
of the first second and succeeding generations respectively 
were interbred He therefore eel out (1) to ascertain, if pos- 
sible the number of difTerent forms under which the offspring 
appear t21 to arratisj tUcee fwnwe. with certwvwty ac- 

cording to their separate generations and (3) to ascertain defi- 
nitely their mutual numerical relationship 

A« the result of this work Mendel in realitv laid down what 
have become two laws or fundamental pnnciples of heredity 
(1) the law of segregation and (2) the law of independent as- 
sortment 

In addition to establishing the above mentioned laws, Alendel 
miliatod the u«e of exact experimental methods m the study of 
102 



103 


The Law of Segregation 

the problems of heredity At the time of jMendel and during 
the period in which his -vsork remained unrecognized the problems 
of heredity were being approached usually through generaliza- 
tions A notable exception to this was the evidence Wcismann 
gathered contradicting belief m the inheritance of “acquired” 
characters cismann also identified the nuclei of the gametes 
as the material basis of heredity 

The Law of Segregation. If a pure polled bull is crossed 
with homed cows (or mcc xersa), the resulting hybrids are not 
midway between the two parents, they always possess the polled 
character Characters that are transmitted entirely or almost 
unchanged m the hj bndization, such as the polled character, are 
termed dominant characters, tho'^o that recede from view, such 
as the horned character, are termed recessive characters 

Dominance, therefore, is a property posses«ed by certain char- 
acters, by virtue of which, when indniduals possessing allelo- 
morphic characters are interbred, all the resulting offspring in 
the first (Fi) generation will exhibit the dominant character, 
that IS, when pure polled and homed cattle are crossed, all the 
hybrids will exhibit the polled character, since it is dominant 
to the homed character 

When the'^e hybrids aie interbred, the recessive (horned), as 
well as the dominant (polled), character will appear in the sec- 
ond (/’a) generation Among large numbers they will appear in 
quite definite proportions, so that, on the axerage, among four 
mdixiduals of the second generation three wall exhibit the domi- 
nant character and one wall receixc the recessive character, that 
lb, three polled indix iduals to one homed 

If the homed mdixiduals of the generation are interbred, 
the resulting offspring will exhibit the horned character On the 
other hand, if the polled mdixiduals of the generation are 
interbred, thej will continue to segregate One-third of the 
polled mdixiduals wall breed true m regard to the polled char- 
acter, whereas two-thirds will, like tlieir Fi parents, I produce 
gametes one half of which carrj’’ the polled factor, and the other 
half the homed factor In successive generations, segregation 
will continue as outlined aboxc 

The law of segregation an'ses from the aboxc results It max 
1)0 stated thus* Since the Fi generation, when interbred, pro- 
duce<? offspring in tlie 3 to 1 proportion, 3 polled to 1 liomed 
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it IS clear that genes contributed b> the two parents, each of 
which has a definite role m the determination and development 
of characters, separate m the germ pla®m of the offspring with- 
out having influenced each other This point was realized and 
pointed out verj clcarlj b> Mendel It is a vcr> significant 
fact, and it marks a sharp departure from M ei«mann’s theory of 
“amphimixi“ ” It is al®o in 
marked contract to the far 
too popular conception that 
an outcrops introduces a he- 
reditary contamination be- 
yond repair and that ge- 
netic puritj is achieved only 
through jears and >cars of 
breeding to a pven end and 
this is achieved without in- 
breeding 

The law of segregation 
ina> be more clcarlv under- 
stood bv ptudvmg the ac- 
coiDpan>ing diagram (Fig 
37) In this diagram P 
denotes polled, the dominant 
character p homed the re- 
cessive character Pp indi- 
cates that the phenotj’pc is 
polled but breeds as a hy- 
brid producing both polled- 



Fig 37 IIIu«tratuig the combiDation 
and eegregation of the faefora for 
polled and homed in which P repre- 
eenU polled and p homed 


and homed producing gonn cells and PP and -pri denote punty 
of breeding poners each phcnol>po producing onh one kind of 
gem cell In the F, population thcretorc, there are three polled 
mdmduals to one homed The homed animal mil breed true 
because it has no P factors in its complex Of the three polled 
indir-iduals only one the PP rndmdual, mil breed true, it po.- 
SI^ only P factors The two other polled animals (Pp) mil 
prince one germ cell carrying P to erery one carrying p 
Black and red color in rattle behate similarly to polled and 
homrf characters Black is dominant to red, hence when a 
ime black 1 , crossed mth a pure red the offspring is black. The 
remitmg black howerer k not pure for black but mil produce 
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germ cells one of which will carry black to one carrj’ing red. 
The genetic constitution of the resulting black will be Bb; B 
stands for the dominant black and b for the recessive red. 
When an Fx bull is used on Fi cows, the F 2 population will be, 
on the average, three black to one red. Tlie red like the horned 
animal will be pure. Of the three blacks only one will be pure 
for black; its genetic constitution will be BB. The other two 
will be Bb in genetic constitution and will produce as many germ 
cells carrying b as germ cells carrying B. 

It is, therefore, clear that a dominant character will cover up a 
recessive; hence an animal’s breeding performance cannot be 
recognized from its phenotype, a fact of great significance in 
practical breeding. More emphasis is placed on this point later 
in this chapter and in the book. It is well, however, for the 
student of animal breeding not to be too hasty in tossing aside 
attention to phenotype: the would-be constructive breeder must 
have a rather definite phenotype as his objective; but he should 
realize that attainment of that goal may, under certain condi- 
tions, be somewhat indirect; it may be achieved through the 
crossing of types neither of which in itself conforms to the ob- 
jective. 

Chromosomes the Mechanism for Segregation. The genes 
are carried in the chromosomes; or, in other words, the genes are 
a part of the chromosomes. The chromosomes, therefore, pro- 
vide not only the mechanism whereby characteristics of the par- 
ent arc transmitted to the offspring, but they provide also the 
mechanism whereby segregation takes place in the hybrid. 

Figure 22 illustrates the process of maturation, by which, in 
the production of germ cells, the somatic number of chromosomes 
is reduced to half, and by fertilization the somatic number is re- 
stored. The resulting zygote, therefore, possesses the same num- 
ber of chromosomes as each of its parents, half of which have 
been obtained from each parent. 

A significant fact in the process of maturation, which should 
not be lost eiglit of, is that not any half of the chromosome num- 
ber passes to each daughter cell; each chromosome has its mate, 
and before reduction the members of each pair of chromosomes 
draw together, then separate, and one of each pair passes to 
each of the resulting cells. Thus, each germ cell comes to pos- 
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SC'S not any haif of the [larcntal cliromo«omc3 but one oi each 

pair 

Mendel ga\c no indication of realizing that the factors of in- 
heritance arc rc< 5 idcnt m the chromosomes The discoveries that 
the genes (the factors of inheritance) are resident m the 
chromosomes, that most chromosomes carry manj genes, and 
that the chromo«omcs posce<s considerable stabiht) (all facts 
of hereditj discovered since Afcndcl** time) place limitations 
on the complete acceptance of Mendel’s second lavi the law of 
independent assortment This point will be di'cussed in more 
detail later hut it is introduced at this point to aid the student 
in vnsuahzmg the genes and chromo«omcs 

The Allelomorphic Senes An allelomorph is one of a pair 
of contrasted factors for example P and p form an allelomor- 
phic pair A gamete can never contain more than one allelo- 
morph and a zjgote because of it« duplicate condition can 
never contain more than two allelomorphs A breed or species 
may, however, embrace several variations which taken col- 
lective!), constitute an allelomorphic series Because man) such 
senes arc known m laborator) animals and plant* there is reason 
to believe that a similar situation prevails gcncrall) m farm ani- 
mals For purposes of illustration let it be assumed that the 
following constitutes an allelomorphic senes m cattle and that 
dominance follows the order of listing A Aj A 2 A 3 A« As, 
and Ae This gives a senes of seven allelomorph* but onl) one 
of the seven can be present in any one germ cell and onlv two 
can be prc®ent m an) one z)gote The possible z)gotic combina 
tions therefore arc 

AA AAx AAj AAj AA^, AA^, AAt 
AxA\ AxAt AiAt A|4«, 

AiAi AtAt, ArA\, 

AfAs, AtAi,AtA( 

A^A^, A4Ai, AtA% 

AiAi, AiAt 
AtA, 

Because of the a*=urocd dominance of the lower numbered A’s 
there are presented atnnc onl} 7 phenoUpe, but 28 genot}pcs 
In onl} rare instances can the gene members of an allelomorphic 
senes be expected to be cquall} well represented numencall} m 
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, All 4 iiiQ mucli significance in the mod- 

anj breed or speeics th.s has^rauc 

em breeding of farm animal' This law is known 

The Law of Independent J'^LTindit iduals 

as the second Mendelinn law -rneters are mated Under 

possessing two or more contrasting characters are mat 

?he sectmn on the law of -EroEatmn (page 103) ,,, 

out that in cattle blac co or is Therefore, when a 

polled condition is dominan ranted to a homozygous 

‘rrr S't k-2 <£ - . 

pohed black to 3 polled red to 

Black and pol cd. 1“"‘° ’ because the genes respon- 

did not ‘ focated on different chromosome 

sible for color and horns n ^j^pendent assortment oper- 

pairs Figure 38 zj gote is as likely to 

ates in this ca«o Owing to g 1 ,rnd 2 as 1 and 2', 

produce germ cells { chromosome 1* entering the 

or, again, there is as much ' ^ chromosome 2' Ow- 
same germ coll with chromo jj 

mg to chance, and to large fc'cWed , each male 

produced In fertilization ^ ^ 

gamete is as likely to ma , population will be 

of another Thus with '-Ee "umbem the^ P 
of four phenoty pes m a t 3 

phenotype will breed true that is homo- 

kind The one la PpBB mdiiidual will breed 

zygous, tor “‘‘"'P’f' ^ educe two kinds of germ cells 

true for “''ck color but poll-producing and the 
(tor presence or ah on individuals will, like their 

other horn produc.^ kinds The other mduiduals 

of'tTf j^'gcncration will produce aho germ cells according to 
?1 * ■ Lnetic constitution, those that are homozygous for 

their S produce only that kind of germ cell, whereas 

dm'ediat are heterozygous will produce two kinds m equal 

”TL°7aw of independent assortment may, therefore, be stated 
thus two or more pairs of allelomorphic genes may segregate 
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1 T« nf hvbrid and be combined 
independentlj in the germ pla J,ble combinations, the 

in the subsequent generations in all posBib'e 

number of these combinations being g contrasted 

When taken adiantage of through ^ ^be produc- 

type=i, independent a-^^ortment offers ®PP Alost of our pres- 
tion of new tj-pCj. m ^"''"^Ouent 

ent breeds ba\e been produced > oppomnlished unmt- 

pnnciple, jet until xery recently ‘’® applied to 

tingh In plant 0 ’'“ding this prmc^P^^ construotn e ani- 

adiantage during recent years It PP , x, near future 

mal breeding is likely to follow a simi «r trend in the 
This point IS discussed ^ “J’’ The calculation of ex- 

Calculatmg Expec ant ^ ^a** ,„pertnncc in practical 
pectant F. ratios is not in it elf g , ,n gaming the 

animal breeding, hut it is impor , practical ani- 

properperspectixe of the problem seldom en- 

mal breeding the actual calculation ^/“"^y.etant F= and 

countered, but the ability to think in constnictixe 

Fz ratios is highly important to 

'Tn discussing the calculation of Wondoha-x^ecUtions CasJ^^^ 
(1924) points out that, “The essential Fomtjhont 
must first of all be entirely clear in us own 
kind of gametes niU each J" ^^ess of 

point, one must keep in mind a pic urc chromosome 

tion the process by Germ cells carrying each 

pair finds its into each germ cc chance 

member of a pair arc produced m equal 

alone detennmes wlietlier cliromo o cliromo- 

pair I am enter the same germ ccl, as 

some 2' from pair II, and so on, fo contrasted pairs of 

(Fig 3S) Therefore, the more numerous tli the 

characters represented in the lagotc, ^ tb^ „cnn cells 
Kinds of germ cells or eaT«"d.- 

Ihat the habnd i« capable of producing P „Tirnus doubles 
tional character in a Inch the indiaidiial is ic c .,j,| 

the poss.hlc assortment of gametes ahieli it may P ^en 
donblmg occurs onh if the factors 
an. locitwl on different chromosome pa 
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Fig 39 Ch«cke:Ix»rd illusintion of tbe Fz experrtatioa from a cross in« 
>olruig three pairs of aUelomoipbic character< — polled, blaek>bodied, 
and black-faced Aberdeen-Angua X homed, red-bodied, aad vhite-faeed 
Hereford. 
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Fic 39 Checkerisoard lUustratiOQ of the F 2 cxpectatioa from a cross m- 
volvmg three pairs of allelomorphic characters — polled, black-bodicd, 
aad bUck-faced AberdeeH'Aogus X homed, red-bodied, aad «!iite*faced 
Hereford 
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JIjVC. 

In the above illustration, P is again used to denote p< 
to denote black, and a thud ""'"t K » 

duced, in cattle IF is doiiiiiiant to ii, ^ “ 
PpBbWw IS the hybrid that would result f 
Abcideen-Angus and horned Hereford /,hpph 

The F. expLtation may then be calculated by the cheeh 
method (Fig 39) cxpans'on of tlm bmnm 
I'ljmg this by itself we get a- + 2ab + » - 
(1, 2, and 1) of the terms a-, ab, and b- ohenotyi 

ratio 1 to 2 to 1 If dominance is shown the phenotyi 
IS 3 to 1 The 3 to 1 latio squared g.aes the dd yb d 
9 to 3 to 3 to 1, and the 3 to 1 ratio cubed g. os^tlm * 
latio of 27 to 9 to 9 to 9 to 3 to 3 to 3 to 
in then genotypic and phenotypic classes 
It IS the anangement obtained when the 
dicated in Fig 39 me gatbeied together and placed 
respective genot> pic and phenotypic c asscs. 

EXTENSIONS OF MENDEL’S LAWS AND AN 

breeding 

Shortly after the red^^co^cr^ of Aluidcl’. 
pectLtl of thc'sc principles in direct app . 

mmul breeding The opinion plO^ uled 1-^ 
plants could he suhdiMdcd into units an i, .cter 
uilantul as a w hole Much wa. he ird o unit h .mUr 
Wire orgmizcd to dtUnnme thc-e ^ 'Wup lIl ir 1 
The results were di-appouiting het ui-o i kc 
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characters ^ero noi inherited m the simple Mcndchan fashion 
As a result the opinion developed tliat not all inheritance Vras 
Mendelian With regard to such quantitative characters as sue, 
rate of growth, milk production, and the like, the tenu blending 
inheritance came into use, because it was thought that the germ 
plasms from the two parents flowed together and mingled much 
as do two streams of water 

It is not strange that this popular belief should ha\ e developed, 
because Weismann’s illustration of the continuity of tiie germ 
plasm, which was widely tauglit by biologists, portrayed essen- 
tially that sort of procedure, furthermore it had long been com- 
mon to speak of bloodlines and the intermingling of different 
bloods The result was that animal breeders, with some excep- 
tions, came to regard Mcndchan inheritance as an interesting 
phenomenon but as having little real significance m animal breed- 
ing To some extent the same situation prevailed in the plant 
field, but it was more limited and of shorter duration A probable 
explanation for the difference is that, experiments with plants 
being much less costly, genetic research was pushed forward m 
the plant field while nothing of importance was done with farm 
animals 

■Further fundamental studies, especially those dealing with the 
fruit fiy, Drosophila, have shown that the original work by 
Mendel was sound but that Mendel’s studies had not explained 
inheritance in all its details In fact the original studies by 
Mendel merely laid a foundation for a more thorough understand- 
ing of inheritance, all inheritance, when examined critically, is 
Mendchan 

Linkage Mendel wrote of factors as being the units of in- 
heritance Since then, it has become more common to speak of 
factors as genes and it was learned that genes are located on the 
ehromesomes somewhat hke beads on a strmg 

Since the factors or genes responsible for the transmission of a 
character are located on the chromosomes it follows that when 
two or more such factors are located on the same chromosome, 
they Will, if there is no crossmg-o\er, be passed from parent to 
hybrid and from hybrid to its descendants as a unit Such has 
proved to be true of a large number of factors In the Drosophila, 
gray body color, B, is dominant to black body color, b, and long 
wings, V, IS dominant to vestigial wings, v If a long-winged 
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Linkage 

gray-bodied fly is crossed with a g'^iack^ind \estigial 

I’.Lu all be long-winged and gray aUetniorpbs. long- 

are located on the same ohioiiioson , • , ^ chroinosoine , 

ivinged and gray, aie .,g they enter the zvgote 

hence each pair of genes IS linked, > The number of 

as pairs, and they pass out paired (big 
linkage groups, therefore, is 


linkage groups, tiieiuiuit-, 
ikpcndcnt upon the number of 
chromosome pairs possessed by 
the species in question Such 
dependence is revealed by in- 
tensive studies of Drosophila 
Tlie Drosophila melanogaster 
Ims I pairs of chromosomes, 
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has made more intelligent mating appear somcahat vi3ionar>'. 
It now appears tljat animal breeders today may expect little 
from the identification of ehromosomc markers, but that results 
similar to tiio&c desired may be achicxcd throiigli other methods 
of approach These methods are discussetl later 

Crossing-Over. Xot all the factors loc.ited on tlie same 
chromosome show absolute linkage During the process of mat- 
uration and before reduction the members of each chromo&omc 
pair come together, tuist aliout each other, and then draw apart 
(Fig 19) This process gi\cs an opportunity for an interchange 
of chromatin material between throiiH>£omc pairs If, then, two 
factors located on the same chromosome happen to be on either 
side of the point of crossmg-o\er, they will go in together but 
will not come out together 

Whitc-e>cd mimaturc-wingod fciiwlc Drosophila mated to red- 
eyed long-wingcd males will produce females, nil of which ha%o 
red eyes and long wings If the Fi females arc back-crossed to a 
white immature male, tour classes of offspring will appear m the 
following proportiOQs 33 5 red long to 10 5 white long to 10 5 
red immature to 33 5 white immature Here crossing-o\er takes 
place in 33 out of 100 eases The percentage of cros&ing-o\cr 
for the various factors depends, other conditions being equal, 
upon the distance by which the factors in question are separated 
from each other on the cliroraosomc 
The chromosomes of farm animals are small in comparison 
with those of Drosophila Furthermore, there are many more 
chromosome pairs in fann animals It may therefore be that 
linkage is much more nearly absolute in these animals than m 
Drosophila Nevertheless, crossing-oxer is a biological factwhich 
must be taken into account m thconzing on the applications of 
genetics to animal breeding Crossing-over tends to olT«et the 
effects of linkage and thus allows for some assortment of linked 
genes Crossmg-(ner makes xt po'^Mblc to develop different link- 
age combinations in homologous chromosomes For this rca^-on, 
even if we had markers on every clironiosoine, we should have 
no guarantee of the genetic constitution of our stock We should 
merely have an indication of their genetic constitution Under 
certain conditions such an mdication would be extremely helpful 
On the other hand, attamment of this end is unlikely until 
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lines that possess a relatively high degree of homozygosity are 
developed 

Linear Order of the Genes. Pioof of the linear order of the 
genes is derived directly horn linkage data Crossing-over may 
occur at many, perhaps any, points on the chromosome Any two 
given factors located on the same chioniosome show a remarkable 
consistency in the percentage of ciossing-over between them If, 
then, the amount of cro'5smg-o\er between A and i? is 2 per cent 
and between A and C, 33 pei cent, it is logical to assume that 
A and C are located farther apait than A and B, for the closer 
the factors the less is the chance of crossing-over The assump- 
tion IS that each gene is located on the chromosome in its par- 
ticular locus, as arc different beads on a string All the members 
of an allelomorphic senes have the same locus on homologous 
chromosomes, hence only one can be represented in a single 
chromosome and two in a single zygote 
As a result of much study of crossovers, largely under the lead- 
ership of Piofcssor T H Moigan, a chromosome map, showing 
the relative position of the genes of the Drosophila, has been 
drawn (Fig 42) The distance between genes, however, is not 
absolute but relative, and it is determined by the percentage of 
crossing-over 

During recent years the students of com bieedmg have made 
remarkable progress m developing the chromosome map for corn 
One school of thought in animal breeding believes that research 
in animal breeding should be directed along similar lines Those 
advocating this approach maintain that the information obtained 
by otlicr breeding research is largely superficial and that the 
details of the inheritance of characters and some facts about 
the chromosome map must be known before breeders will be in 
a position to deal intelligently with their problems 
Another more recent scliool of thought declares that, because 
of the many chromosome pairs and the slow rate of reproduction 
in fnnn animals, the students of animal breeding would be work- 
ing for many decades befoic thc> derived much usable informa- 
tion through gene identification The opinion expressed by this 
group is> that wc can accept the fundamental principles of genetics 
established by students of Drosophila and corn genetics and 
tliat the immediate tisk of the animal breeder is to determine 
how to apply these principles to animal breeding They believe 
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Fio 42 The chromosome map of Drosophxla melanogastcr Tire “map dis- 
tance 18 given in the nnmenila to the left of each charactet (Alter Morgan, 
The Theory of Gene, Yale University Press ) 


Gene Action 


117 


that we should already be making greater use of our knowledge 

of the fundamental pnnciplcs t„nUaniental knowledge of 

Determining how best to app y belief is growing 

genetics already available is a huge task ‘‘f f^^^fbers m 

that this should be the immediate job 

animal breeding Students o ^ future animal 

however, not to lose sight o le .n'forination as possible 

breeders of gathering as much detai ed boms 

on the inheritance of specific c lara , ^ j approach to 

chromosome mapping It no PI accumulated with 

cation will proceed more rapidly ^^"“tnvolve m- 

studies of treWhc — 

breeding and crossbreeding) , 

attention , "PrtQQibilitv o£ Several 

Manifold Effects of Genes for some 

Genes Affecting the Same j „ single factor, 

time that a particular character is ^ j absence of 

but tins IS seldom if ever true Tim pre^n<=® “ 

horns in cattle may be ^ninrns which may be charao- 

genes, but there are many Z so on It 

“ factors Uuence the size, shape, 

one character A single ge y, Drosophila having 

divergent parts of t ^ vitality, most of their females 

rudimentary wings 1 ^bicker and shorter 

are infertile, and and Ir.dges, 1923) 

(Morgan, Slurteva , between the gene 

Gene Action T P^^^ ^n^ntic character is unknown The 
and the developmc ^^3 n complcv organic molecule and 

gene itself is today P ^ ^^^b molecules which 

ns occupying a oc ^ ccnc action is, therefore, visualized 

are arranged m linear j,_„ut senes of chemical reactions 

for the most part as a ^ tpccific chemical load a Inch causes 

Each gene, there but each gene, or most genes, enter 

a specific effect ° ^^,th other genes Most, perhaps all, 

mto a chcmica affected by environment, each chain o£ 

of these arc m turn 
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reactions is probably initialed, modified, and terminated by some 
or se\eral environmental factorsj Tins relationship may bo 
likened to the striking of a match to initiate a fire which in 
turn IS affected and even tennmated by draft, moisture, oxygen 
supply, etc 

It 13 recognized that the results of gene action may be cumu- 
lative (additive) or due to gene interaction It may be that 
some genes have only additive effects and other genes interact 
with others to accomplish the end re-ults, it appears more likely 
that most genes accomplish their ends both by additive effects 
and through interaction with other genes It maj well bo that 
additive effects and gene interaction arc merely convenient man- 
made methods of classifying gene action 

Additive Gene Effects Kilfc«on-Ehlc (1909) in a study of 
color in crosses of wheat furnished the first definite proof of 
additive gene effects For a tune this was known as the result 
of mulUple factors Two varieties of wheat, one rul and the other 
white, when crossed produced Fi seeds which were red, but the 
shade was only half as deep as that of the red parent In the Fa 
generation both parental types were recovered, but only about 
one in sixty-four was while, the Ft population, taken as a wiiolc, 
ranged from white to dark red with most of the individuals of 
the intermediate grades The interpretation was that red wheat 
earned three pairs of factors for red, that they were cumulative 
m their effect, and that dominance was lacking The genetic 
constitution of the red wheat may therefore be given as RR 
and that of the white wheat as rr Hr* The 

genetic constitution of the Fi individuals then is Rr i2*r* JZV®, 
and the Ft population consists of every possible combination from 
rr r'r* and the Rr HH to RR and RR 

R^R^ 

If parental types arc to be recovered from crosses involving 
several multiple factors, the F t population must be large, as illus- 
trated in Table VII 

In instances of additive gene effecU, the more factors affecting 
a given character expression that become gathered within a given 
gene complex, the greater is that character expression Tins 
fact offers an opportunity to improve the character in question 
through selection It also presents some limits to effective selec- 
tion Let It be assumed that a given character is affected favor- 
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Table VII Theoretical Factorial Composition op a Population 
Produced bv a Cross In\olving IVIorb Than a SI^GLE 
Mendelian Factor, Dominance being Wanting 

(From Castle Genetics and Eugenics Harvard University Press) 
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ably by the eight multiple factors A, A‘, A^, A*, A^, A®, and 
Let it also be assumed tint a given strain or line within a 
certain breed possesses A, A*, A®, and A** and that the indi- 
viduals within the line possess these factors m varying degrees 
of purity This strain may be improved by selection up to the 
point at which all the individuals have the genetic constitution 
AAA^A'A®A®A®A* To improve the strain further it will be nec- 
essary to cross it to another strain preferably one that carries 
the factors A-, A*, A®, and A^ Subsequently selection may be 
effective m increasing the character evpression up to the point 
at which all the individuals in the line are homozygous for the 
eight factors 

The exact genetic interpretation of multiple factors is ex- 
tremely difficult and generally impossible m the relatively small 
populations with which the animal breeder is forced to work 
In general, multiple factois call for the use of biometric methods 
For this purpose exact measurements are made of the characters 
of each mdixidual involved in the study Some characters such 
as dimensions and eight, lend themselves readily to measure- 
ment Qualitative characters arc often measured with difficulty 
in such instances it becomes necessary to deiclop first special 
tcclinics by ulucli tlic character can bo measured After the 
teclmic IS dc\ eloped the character in question is con\ertcd from 
a qu ilitati\o clmracter to a quantitatuc one 
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Gene Interaction. Tow if any genes produce their cfTecta 
alone Genes may interact nith thur .alklomorjihs or with non- 
allche genes Factor interaction is, tlicreforc, subject to wide 
divergence in c^p^c^.slon The more sptciric Ijpts of expression 
are discus'^ed in the following 

Broadened Understanding o£ Dominance. In Mendel’s orig- 
inal discourse, gene expression was described as "all or nothing,” 
dominant or rcccssuc, but it was &oon learned that dominance 
frequently was lacking, and at tunes mcoinplete More recently 
overdommance Ins been recognized 
The lack of dominance is illustrated m the inheritance of roan 
color m Shorthorn cattle For the most part red X red matings 
produce only red cahca and white X white produce only white 
calves Red X white produce roan caKcs and roan X roan pro- 
duce reds, roans, and whites m an approximate 12 1 ratio 
There are rather wide dexiations m al! of the above, but they 
arc ascribed both to error m Iicrdbook classifications and to 
modifying factors, described later m the clmptcr The essential 
point here is tliat the roan color is the result of tlic action of a 
pair of genes (joint action) neither of which is dominant 
Roan color has long been a popular color m Shorthorns, some 
attempts have been made to develop herds pure for roan The 
above makes it clear why those attempts have been futile 
The Palomino horse falls m the above-mentioned category 
Palomino color in horses, according to Castle and King (1951), 
IS due to a heterozygous state of the dilution gene, Dd, when 
combined with bb genes for bay color It is therefore the com- 
bined effect of b6 for bay m the homozygous state with the 
heterozygous state of Dd for dilution that produces the Palomino 
color 

Partial Dominance Although Mendel assumed that domi- 
nance 18 complete and although it is now known that dominance 
may be lacking m the majority of cases dominance is neither 
complete nor absent but incomplete or partial and expressed m 
a variety of ways In fact, all degrees of dominance exist 
Furthermore, dominance is affected by various external and in- 
ternal influences It is now known that other genetic factors 
affect dominance In the European house mouse the short-tailed 
mutation generally behaves as a dominant, but when introduced 
in the Asiatic house mouse it behaves as a recessive 
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Broadened Understanding of Dominance 

In the light of present genetic information it may be stated that 
dominance is not the result of single-factor pairs but that the 
degree of dominance depends on the animal's ^hole genetic con- 
stitution and on the conditions surioundmg its development 
Single-factor identification, therefore, does not carry applied 
animal breeding very far The generalizations from the above 
and other fundamental facts are, however, of major importance 
in applied animal breeding Knowledge of these fundamentals 
gives the breeder a much better conception of his problem and 
makes it possible for him to develop a stronger breeding program. 

Overdovnnance This is a condition in ivhich the heterozygous 
state, Aa, produces a greater over-all effect than either of the 
homozygous forms, AA or aa The basic interpretation is that 
the genes represented by Aa, respectively, enter into some sort 
of interaction or yield additive effects wliereby a greater net 
result is produced by the heterozygous state than by either 
homozygous one This can be visualized ns being brought about 
by any one of several different basic gene actions 
Let it be assumed that the Aa condition results in greater 
growth than either the AA or aa condition If A and a each 
produce as much or nearly as much growth alone as m the 
homozygous state and A and a differ m timing action, then the 
Aa condition should result in moie growth than either of the 
homozygous states 

On the other hand, it is well known that most animals en- 
counter varied environmental conditions dunng their growth 
If then A responds more favorably to one type of environment 
and a to a different environment, it is easy to visualize the Aa 
condition as producing more favorable results than AA or ao 
This may be why the more highly heterozygous individuals gen- 
erally pass through unfavorable environmental conditions more 
successfully than the more nearly homozygous, even though under 
favorable environments the more nearly homozygous may equal 
or nearly equal the hctcrozygotcs in performance 
If genes are accepted as being complev organic molecules, tiles' 
it js easy to visualize a chemical interaction between A and a 
that IS different and greater than the reaction of either AA or aa 
Ovcrdonnnance is of importance m hybrid vigor, and its sig- 
nificance IS difecus&cd m greater detail in that portion of tlie 
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book («ce page 24D) Tlit auUior is inchncil to behc\e that 1 ick 
of dominance incomplcto <loiminnce, and ovenloininancc arc all 
varied cxprt&bions of doimnanco and not markedly diflerent from 
one another except in o\cr-all tflfect 

The Epistatjc Condition An epislatic f ictor is one uhidi 
prevents a factor other than its allelomorph from cxJubiting its 
normal effect on the development of the individual Tlie factor 
that IS prev ente J from cvlnbilmg its nonnal elTcct m the dev clop- 
ment of the individual due to an epistatic factor is known as 
bypo&tatic This condition is frc<iucntly confu‘'ed with domi- 
nance c'^pccially in attempts (o inikc interiiretations from tlic 
hi In rcahtj it is similar to doiuuiancc except that it occurs 
between different fuctor« whereas dominance occurs between 
two members of an allchc pair 
Ibsen (1933) points out that (he D of the Angus is epi‘>tatic 
to the Ds of the Jersey When the BB Angus is cros ed witli 
the BBs Jersey the offspring arc black like the Angus The 
interactions of B and Bs and their allelomorphs as given by Ibsen 
follow 

DB B$Bt black 
BB 6sb$ black 
6b D$B$ black and red 

66 babs red 

The cross of the Angus and Jersey is further complicated because 
the Angus carries the factor Br The joint action of Bt and Bs 
IS necessary to produce bnndlc color When the Angus and 
Jersey are crossed and the offspnng mated inter se the results 
arc indicated below 

Parental generaUon BB btba BtBt X 66 BbB» brbr 
(Angus black) (Jersey black and red) 

P 1 B6 Bsbi Brbr (blade) 

Fi 27 B Bs Br 

9 B Bs br 

9 B bs Br 
3 B 6s 6r 48 blacks 


9 6 Bs Br brmdles 

3 6 Bs 6r black and reds (Jerseya) 

3 6 ds Br ^ J / 

1 6 6s br 4 reds (Guernseys) 
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For the Fo only the zygotes arc represented The homozygous 
and heterozygous dominants are represented by only one letter 
The reccssivcs aie also represented by only one letter 

Another illustration ot epistasis is found in the inheritanee of 
white color m poultry The white plumage ot the White Wyan- 
dotte and White Plymouth Rock is recessive to the self-colored 
condition The white of the White Leghorn, however, is almost 
completely dominant to the self-colored condition of other birds 
The interpretation is that the recessive white birds are white 
because they lack the basic color factor, and that the White 
Leghorn carries the basic factor for color, but remains white 
because of the presence of some othei factor that acts as an 
inhibitor This interpretation is made because, when White 
Leghorns are crossed with White Wyandottes or White Dorking, 
the Fi are white with colored flecks, and in the Fa both white 
and colored individuals appear m a 13 3 ratio 
If I indicates the inhibitor and C the colored factor, the genetic 
constitution of the White Leghorn is IICC and that of the re- 
cessive parent, acc The Fj birds are hCc, white with colored 
ticks The Fj birds present the usual dihybnd genotypic ratio 


IICC 

IliA 

ii( C 

IICC 

2IICc 

2/tcc 

2ttCc 

(white) 

2hCC 

4JtCc 

(white) 

(colored) 


9(whitc) 

3 

3 

1 


In the above ratio any zygote containing I will be white, those 
containing II will be pure for white, and the iicc individual will 
be white because color is absent from its genotype 
Thus we observe that the fundamental principles of Mendel’s 
work remain undisturbed, but that the dihybnd phenotypic 
ratio IS very difforciit from the conventional 9 3 3 1 ratio 
Ihe breeder ot animals through the selection of phenotypes 
probably will encounter many obstacles In the foregoing illus- 
tration different guictlo combinations produce wliite They can- 
not be distinguished from one another by their appearance As a 
result the breeder breeding for white on the basis ot phenotypic 
selection w ill Iiav e colored birds produced for many generations 
to come Instances of tins kind help to account for the generally 



124 Fundamental Mendelism and Animal Breeding 

prevalent belief that many generations of breeding and selection 
are required before a new strain of annuals can be justly labeled 
a breed 

The epistatic condition may well play an important role in 
instances of prepotency A sire possessing an epistatic pair of 
factors n hen mated ivitb femaJes possessing hypostatic genes may 
appear prepotent 

Modifying Factors. Although it is known that m Drosophila 
eye color is due to a single factor, seven other factors that cause 
modifying effects ha\e been identified In mice, white-spotted 
pattern behaves as a simple recessive to self-colored coat, but 
spotted mice range from nearly self-colored to nearly all-white 
The variations are attributed, for the most part, to modifying 
factors which affect the white spotting 

The effect of tlie dilution gene, D, on color m horses has already 
been mentioned (page 120) Its action as a modifier will be 
discussed here 

The three basic genes for color in wild animals are A, B, and 
C C 18 the designation of a dominant gene for the production 
of melanin pigment m the hair and skm Its allelomorph c m 
the homozygous condition, cc, results m aibmism 

B designates a dominant gene which with C produces black 
pigment Here we have two different genes combining m their 
action to give a definite end result The gene B's allelomorph 
in the homozygous state changes the black to brown, which is a 
less completely oxidized melanin pigment 

A, mentioned above is a dominant gene which modifies the 
expression of B and C so as to produce agoufi or wild coat pat- 
tern In the domestic boT<ie it modifies tlie action of B and C 
to produce bay color 

D is used to designate a dilution gene which reduces the in- 
tensity of all pigmentation D in the homozygous state, DD, 
combined with bb results m what is called a type A albino The 
DDBb genetic state results in what is called a type B albino 
Neither of the above arc, however, true albinos, the true albino 
condition can result only from the presence of ce genes 

The buckskin or dun color is produced by the DdBb genetic 
state and as already given, the Palomino from the Ddhh state 

The above illustrates the inodifjmg effects that some genes 
ha\ c on the expressions of others It appears likely that the more 
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important characters such as fertility, vigor, growth, etc, are 
affected by many modifiers 

Complementary Factors. Certain factors cannot express 
themselves except in the piescncc of some other factor, or the 
modification of tlieir expression may be due to tlie presence of 
some other factoi This is merely another type of expression 
of gene interaction It appear^ that umbilical hernia m swine 
IS at least stimulated by two independently inherited factors 
In the author’s experiments, two inbred lines, A and B, were 
crossed, and females with umbilical hernia were produced in 
every litter No case of umbilical hernia had been recorded in 
the ancestry of either line during their development as an inbred 
line Line A was then crossed with line C, which also had a 
record of no umbilical hernus, and again the umbilical hernia 
was pioduced m the cross The Fi fiom both crosses were culled 
for the umbilical hernias and mbred, and m both instances the 
hernias disappeared from the lines in two generations The con- 
clusion was that line A was carrying a factor potent for hernia 
which expressed itself when introduced in the genetic environ- 
ments provided by B and C Crosses between B and C did not 
develop hernias 

White Silkic fowl mated to White Dorking produce Fi which 
are all colored Tlie Fi mated inter se produce a ratio of 9 
colored to 7 white In this particular case, each of the white 
birds evidently carried one of the factois necessary for color. 
If the factors for color are indicated by A and B as used by Crew 
(1925), the constitution of the Pi individuals may be described 
by AAbb and aaBB Their offspring will be AaBb, and they will 
be colored because both A and B are nccessaiy for the production 
of color The Fz genetic ratio will be the usual dihybnd ratio, 
but the Fz will exhibit a 9 to 7 phenotypic ratio because both 
A and B are ncccssaiy for the production of color The geno- 
types and phenotypes of the Fz arc 

AABB /tyl6& aaBB 0066 

"ZAABb iAabh ^aaBb 

2 AaBB 
ijlaDb 


9 colored 


7 white 
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Coat color m rodents jiclds an Fg ratio of 9:3:4 When 
black mice are cros=cci with albinos the Ft are agouti, the wM 
type of color lyhen the Ft are interbred the progeny on the 
average yields a ratio of 9 agouti to 3 black and 4 white The 
genotjpes and phenot>pes of the Fj arc 

CCAA CCaa ccAA ccaa 

2CCAa 2Ceaa 2ccAa 

2CcAA 
iCcAa 


9 agouU SblacL 4nhiCe 

In this case the agouti or wild tjpe is brought out by the joint 
action of A and C The C factor i» necessary for the production 
of black, but black is changed to agouti when C is in the preeence 
of A The white individuals are white because the gene for color 
IS absent 

It may also be assumed that the wild agouti color was lost 
during domestication because of the separation of the genes A 
and C, and that many other important characters have been 
altered during the process of domestication and breed formation 
by similar procedures If characters can be markedl> altered by 
changes m the gene associations, at least one of the major tasks 
of the constructn e animal breeder is to alter the gene as'ociations 
to obtain more and more favorable results and then to fix those 
combmations so that they can be reproduced practicall} at will 
Another good illustration of complementary factors is Walnut 
comb in fowl Single, Ro^e, Pea, and Walnut are all fowl comb 
pattem'i In experimental breeding, Imth Ro'e and Pea proved 
dominant to Single, and the natural as'-umption was that the 
three formed an allelomorphic senes, but when Rose was mated 
to Pea, W alnut resulted W hen tlie W alnuts were mated inter se, 
W^alnut, Pea, Ro'^, and Single were obtained 

The genetic interpretation is that two factors are concerned, 
R and P The Singlecorab pattern is single because neither R 
nor P IS present, therefore Ro-ecomb X Smglecomb produces 
Ro«ecomb, and Peacomb X Smglecomb produces Poacomb But 
the presence of both R and P is necessarj for the production of 
W alnulcoinb The hjpothc-is is that all fowl pos®ess the factors 
for Smglecomb and that R and P modify the single factor, but 
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the factor S for Singlecomb may be disregarded because all fowl 
are supposed to possess it in the dnple\ condition 

The genetic constitution of the ^^arious phenotypes may there- 
fore be represented as 

RRPP RRpp irPP rrpp 

2RRPp 2Rrpp 2rrPp 

2RtPP 
4RtPp 


9 Walnut (RP) 3 Rose (Rp) 3 Pea (rP) 1 Single (rp) 

In this illustration it is possible by inbreeding and selection to 
obtain a homozygous or true breeding Walnut, because R and P 
are apparently located on different chiomosome pairs But if R 
and p (and m like manner r and P) had been located on the same 
chromosome {not allowing foi crossovers) it would have been 
impossible to obtain a homozygous strain of Walnuts 
It probably makes no difference whether a strain is purified 
for Walnut Cliaracters of economic importance are, however, 
just as likely to be affected by complementary factors Further- 
more, there is no reason to believe that factor interaction is con- 
fined to two pairs of factors, there is reason to believe that 
usually many pairs aie involved If the characters are of a 
quantitative nature, the expression is less clearly marked than in 
the above instance 

The complementary action of factors is merely another expres- 
sion of gene interaction It appears that the various expressions 
of dominance and gene interaction are very similar basically, but 
that they differ m their expressions 

Fundamental Genetics and Animal Breeding. At this point 
the student of animal breeding will do well to take time for 
reflection and meditation Segregation, independent assortment, 
allelomorphic series, linkage, crossovers, dominance, and gene 
interaction offer much food for thought with reference to possi- 
bilities for recombinations and explanations for the many varia- 
tions that continue to plague the breeder The breeder’s job is 
both to appreciate these pos&ibihtics and to learn how to capi- 
talize on them. 



CHAPTER IX 


Lethals 


The term lethal is generally applied to a genetic factor that 
causes death of the organism in which it occurs, death occurnng 
either during prenatal life or at birth A broader definition of 
a lethal ib that it is a factor which, because of certain defects 
which it produces, leads eventually to death of the organism 
Factors which eventually cause death are frequently designated 
as semi-lethals or sub-lethals The definition is frequently 

Pi lygotca, yellow Yy Yy 

Pi gametes Y y 

Y y 


\YY, 2Yy lyy 

Fi xygolea (pure yellow) (yellow) (noa yellow) 

(dies) 

pK! 43 Ulustratiog the lohentsoce of & lethal factor la mice 
broadened to include such undesirable characters as hernia and 
cryptorchidisms Characters of the latter type do not necessarily 
destroy the individuals but they interfere with their usefulness 
One of the first lethals discovered was in a certain yellow 
variety of the house mouse It was observed that this variety 
never breeds true Wlicn mated inter se the progeny are 1 gray, 
brown, or black to 2 yellow If tlie yellows are mated to non- 
y cllow s, a 2 non-yclIow to 2 yellow ratio results This is what 
13 to he expected from mating a heterozygote to a recessive 
liomozygote The interpretation is that yellow, F, is dominant 
to non-jellow, y, and that the Y gene is lethal when in the 
homozygous condition (Fig 43) 

Many of the defects now known to be due to lethal factors 
have long been recognized in farm animals, they were previously 
described as monstrosities freaks, and the like The search for 
lethals in farm animals has not been especially intensive In 
fact it has been mostly a by-product in the field of animal breed- 
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mg, yet so many lethals have been noted that it appears that 
lethals may not have received the attention they should have 
in both practical and scientific considerations of animal impiove- 
ment 

Typical Illustrations of Lethals Ackondroplusiat Achon- 
droplasiai is the condition that has long been known as the bull- 
dog calf The legs are very short The head is thick and short 
The nose is flattened, tlic upper bp split, the lower jaw protruding, 
and the tongue swollen and protruding 
Bull-dog calves arc usually aborted between the thud and the 
eighth months Delivery when close to term is usually difficult 
because of the extremely large head 
This type of calf is reported to liave occurred m the Dexter 
breed and in African cattle About one-fourth of the calves 
born from Dexter X Dexter matings are bull-dogs These same 
matings produce wliat is known as the Kerry-type cattle, a type 
having longer legs and narrower heads than the Dexters It 
appears that the Dexter type is produced wlien the animal is 
heterozygous for this particular dominant gene The gene in 
question causes short legs and the correct type of head Matings 
inter se bring about segregation one-fourtli are homozygous for 
the gene and arc bull dogs, one-half are heterozygous and are 
Dexter type, one-fourth are Iiomozygous for absence of the gene 
and are Kerry type 

Achondroplasia^ This is another bull-dog type but it is less 
extreme than the above It is reported to have occuired in the 
Telemark and the Holstein breeds, and the author has observed 
it in the Guernsey breed These calves are usually carried to 
term As a rule they are unable to stand, and they die within a 
few days of birth 

The character has been described as recessive, hence it appears 
only in animals that are homozygous for this recessive gene 

Epithehogenesis Imperfecta Calves with this condition have 
skin defects on the lower legs and hairless patches on the body 
The mucous membranes of the mouth and the nostrils are de- 
fective The ears and the claws are often deformed The calves 
arc usuallj born at tonn but die as a result of bacterial invasion 
The condition is due to a simple recessive Cahes with this 
defect arc reported to have appeared m the Holstein and the 
Jersej breeds and m the cattle of Holland The author has 
observed Shorthorn ciKes of the ‘'ame type 



Lethals 

A condition known as congtmUI ichthyosis is probably closely 
allied to the above defect It is due to a simple recessive The 
skm IS scaly and cracked 

Fo&tal ne^orvtxon Stages varying from decomposed masses 
to onij bones or dried miimniies have been reported It is likely 
that many embryos die while 
still in the ovum or embryo 
stage (Fig i-t) The modes 
of inheritance of lethals of 
this type have not been deter- 
mined Until the inheritance 
of an abnormality is estab- 
lished, it IS well to withhold 
judgment on its being an in- 
herited lethal because faulty 
nutrition and environment 
are also frequently lethal 
Muscle Contracture in 
Suxne Pigs with this defect 
are bom with stiff forelegs 
The pigs are dead at birth or 
die shortly after This is 
probably the same character 
as thick Jorelimbs, caused by 
a gelatinous infiltration of the connective tissue near the bones 
It appears to be due to a «implc recessive 

^[usc^e Contraclures i« Sheep AlTectcd lambs have stiff joints 
and a crooked neck Tliey are usually stillborn A similar con- 
dition has been reported m cattle The condition is due to a 
recessive 

Congenital Loco m Poultry Chicks with this condition are 
unable to stand when hatched The head 13 drawn back with 
the beak pointing upwaitl usually to one side Later the chick 
loses its balance and falls on its back or side. About 88 per cent 
die within a month It behaves as a simple recessive 
Creeper in Poultry Birds of this type are characterized by 
very short legs and wings both tomewhat defonned, they are 
heteroijgous for the creeper gene The homozygous individuals 
usuallj die during the fourth day of incubation, they possess 
hmbs VO shortened that the feet appear attached directly to the 
bodj 



Tig 44 t tow egg that was fertilized 
but when recoveied 3 da>8 1C hours 
after the passing of heal showed indi 
cations of disintegration and the egg 
was not so far advanced in segmcnia 
tion as it should have been for its age 
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This character has been said to be clue to a dominant gene. 
Actually the gene is only partially dominant, as the heterozygous 
individuals possess less of the character than the homozygous 
individuals possess, and they survive. 

Thought regarding lethals as with most topics has undergone 
a series of changed views as to their significance and mode of in- 



Fxa 46. A ciceper, a bird that js heterozygous for the creeper gene (After 
Cutler, from Hutt, in Cornell Vetermortan ) 

heritance. The tendency at first appears to have been oversim- 
plification. IMore data and modification may clarify some of 
the present vagueness regarding their inodes of inheritance 
Lerner (1944) did an excellent job of cataloguing and bringing 
our information on lethals among farm animals up to that date. 
The following is from his paper m the Journal of Heredity: 
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A CATTLE {Continued) 

NvuB&a 

CSARACrKB 

Comments 

iKVXSTIOATOnS 

A18 

Atrena am 

Imperforate anus siTected 
ealv«s do not survive aur 
gica) treatment. 

Kuppuswami 1937 IJ 7 305 

A17 

Deformed hmba 

Crooked legs sometimes 
uith ankylosis Calves 
stillborn or if alive unable 
to stand 

Ruzhevsky 1938 BZ 7 547 

A18 

Brain bernia 

Opemng in skull involvmg 
frontal and parietal bones 
affected calves either born 
abve or stiUborn 

Shaw 1038 JH 29 319 

A 10 

Amathia 

Jjower jaw half the length of 
normal affected calves un 
able Co nurse 

Annett 1939 JG 37 30! 

A20 

Aonalhta 

Jawlcss accompanied by 
walUebke structure All 
coses studied were foetoL 

Ely Hull and Mornson, 
1939 JH 30 105 

A21 

Sex linked lethal 

Evidence of enstence based 
oa abnormal sex ratios 
(shortage of mates) 

Andreesen 1940 ABA 10 24 

A22 

Abnormal skull 

Noaal openings fused. Die 
at birth or shortly after 
Possible inhibitor of letbal 
expression also found. 

Ilancic 1840 Z 15 120 

A23 

Afissiac phalanges 

First and second phalangeal 
bonen nussiog otherwise 
calves born at full term 
are normal 

Johansson 1041 IGCB 160 

A24 

Hydrocephalus 

Internal hydrocephalus ao- 
compamed by bone ab* 
normalities 

Cole and Moore 1942 JAR 
05 483 

A25 

Congemtal spasm 

Vertical intemuttent spasms 
of head and seek Calves 
die shortly after birth 

B HORSES 

Gregory Mead and Regan 
1944 JH 35 195 

Bl 

Atrma ed* 

Closure of colon often asso 
ctsted with brain defects 
colts bora alive. 
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Yomane 1925FEATM 815 
yamane 1927 ZiAV 46 188 

n2 

Frcdriksborg 

lethal 

EvideDca for existence i&ler> 
ential high degree of ster- 
ibty in inbred matiogs of 
white bones led to the 
poetuiatioQ of exutence of 
a lethal factor 

Wnedt 1924 ZTZ 1 231 
1930 HB 

B3 

Sex linked lethal 

Evidence of existence based 
on abnonnol sex ratios 
(si ortage of males) 

Kialovsky 1932 ZTZ 24 269 

m 

£pi(kclt<venens 

u»ip«r/«io 

Denudedskiaonhmba occa 
slonslly missing hoof 
Born alive but none of 5 
observed colto surviied. 
Evidence of hereditary 
nature of defect In/eren* 
Ua! 

Plank. 1036 NFTA 233 
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blujui and Uucbea, 1938 
JIl 29J!03 

Johnaon. 1»10 30 31 239. 


Roberta. 192C 3MA 33 795. 
Roberta, 1929 3 0 2U7. 

Mohr. 1929 Z 4 105. 


Zopbooiasaon, 1929 N3 lU 
327. 
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NouasB 

Di 

D5 

DO 


D7 

El 

C2 

C3 

El 

E5 

EG 

E7 

ES 


CaABACTcn 
KigicJ fetlocks 


Amputated 


I>. SHEEP (Canitnued) 

C0UUENT8 

SkeletOQ, including skull, de- 
formed and assouated 
vritb short «oot and a 
hernia, affected lambs 
born nine 

Iambs amputated nt fct« 
locks, mode of inUentanco 
not clear 


Lethal gray 


Dwarf 


Creeper 


2 gray to 1 black ratio ob- 
served IQ matioes between 
gray parents No honio- 
tygous gray adults found 

3 gray to 1 black ob&erved in 
ma tinea between gray par- 
eats, but DO homotygous 
gray adults found Pre- 
sumed bomosygotes die in 
early postnatal bfe diges- 
tive disturbances associ- 
ated with cause of death 

Thyroid disturbaoce leading 
to death within a month 
after birth 

E CHICKENS 

hhottened extremities in 
heteroeygotes Uomoty- 
gates usually die in first 
week of incubatioo 


Congeoital loco 
Sticky 

Wyandotte lethal 
Congenital palsy 

Cotzash lethal 

Sex linked lethal 

Atn<i:rilla 


Affected chicks unable to 
stand, head bent back- 

Lack of absorption of am- 
niotio and allantoio fluids, 
bones defiaent m calcium, 
affected embryos die in 
last week of incubation 
Linked with recessive white 
in the Wyandotte breed 
Tremor affecting batched 
chicks, occasiooally af- 
fected chicks Burvite 
Shortened eatrvaaUea in 
Leteroxygotes lloroosy- 
gotes die in Inst week of 
incubation. 

Evodenco of existence based 
on abnormal sex ratios 
(sUotlage of females) 
hlaxillae absent or reduced, 
beak bent to 00 a sitJe, 
roost of the affected clucks 
unable to batch. 


IllTESTiaATOItS 
Zophoruossoo. IQ29 NT 11/ 
327. 


Kroon and Planck, 1931 TD 
58 C81 

Kroon and Fianck, 1932 BO 
8 223 

Hohn, 1042 DTW 50 349 
CoQstantmescu, 1933 INZR 
1 15 


Glembotaky, 1935 PZ (2) 
41 

Contcscu and Epureanu, 
1939 ZTZ-i4 211 


Bogart and Dyer, 19i2 JAS 
1 87 


Cutler, 1925 JH 16 353 
Landauer, 1941 SO 230 con- 
tains bibliography of nu- 
merous papers 
Hamburger, 1942 BS 6 311 
KnowUon 1029 OB 253 


Byerly and JuU, 1932 JEZ 
62 489 


Duaa, 1932 AN 57 345 

Uutt, 1932 IGCl 2 90 
Hutt and Child, 1034 JH 
25 341 

Landauer, 1D35 JQ 31 237. 


Upp and Waters, 1935 PS 
14 372 

Aamundaon, 1936 31127 401. 
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UouBza 

E9 

EIQ 

Ell 

E12 

E13 

EU 

E15 

ElO 

E17 

E18 

£19 


E. CHICKENS (Ccniinuid) 

Cbabactib COUHBVrS ImTcbtioatdm 

FlishUes* Defective elrueture ot flight Werren, 1937 JQ 28 17. 

feiihen. No bomoxysotce 
ruled to metunty 

Melfcrmed Curveture of b(«m eod pel* Cceje, 1939 WPCC .88. 

elfeletOQ vu, Wds developmg the 

defect era unehte to laovei. 

Several tecesuve genes 
poetulsted. but dst* given 
Inadequate to (onnidate 
any defloite cond u nona. 

Naked Affects feather foUictes. re* SuU ami Sturkie, 1938 JH 

dueingdowfiaod plumage. 29.371. 
sei linked, half of the af* 
feeted chielia hatch, but 
only half of these aumve 

Short b*4^ Epper mandible and certain Landauer, 1911 G 28 126. 

longbooesahortened 67% 
of homoaygotcs die before 
hatching. 

ifuroplrk^min Diameter ot eyebalU re* Jeffrey, l9ix jn 32.310 

duced. mortably oceuta is Gruenwaid. 1911 AR 68 67 
late cmbiyoDie or early 
past'haCctunc stagee. 

Jftcrem^vx Ten genes involved double deratiodsoa, 19<2J1233.33& 

reeesaiveeeihibit parrot* 
beak and abortened and 
thiekeoed eitrenutiea 

Talpid Affected embryce exhibit Cole, 19i3 JD 32 83. 

extra digits 10 fore and 
hind limbs, frequently 
webbed eetopie aivaye 
present bomovygotce usu* 
ally die at 9-10 days of 
ineubatiort 

Cbondrodyatnipfay Estreioe type of bone modi Imaoieuz, 1942 Jll 33.275. 
beation affected embryoe 
fad to hatch 

Deforroed Ixiwcr mandible nuasing. Marble Harper and Ham- 

matidibles opper deformed euretviiig men. 1914 PS 23 114 

bomoxygotes unable to pip 
shell cerebral beima pres- 
ent. 

TVingljg, Wings absent or vestigial. Waters ^ Bywaters, 1943 

affected emfrcyos da not JH 84 213 

‘ Choodit^ Shorteoed bones oi kmbe Hays, I944 AN 784>4. 

dyatrophy * but no parrot beak lew 

bomosygotei batch, none 
eurvivzng beyond 7 days 
after hetchinfc 
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FI Albinism 


F2 Short spine 


Dwarfism in Cattle 

F. TURICEYS 

COUUENT9 

Bex-linked recessive; only 
about a quarter of earner 
females lialch: most of 
these do not survive lor 
long, largely because of 
blindness associated mtb 
absence of pigment 
Shortened neck and body; 
affected embryos fad to 
hatch 
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ISVESTIOATOBS 

Hutt and Mueller, 1942 JII 
33 69. 


Asmundson, 1942 SEBM 
50.120. 


G1 


Crest 


G. DUCICS 

Heterosygotes created; ho- Rilat. 1932 AG 0.110. 
moxygotes have cerebral 
hernia and do not hatch. 


List of AbbreviaUons in 


ABA — Anim. Breed A6s«r. 

AG— drefc, GeflQyelk. 

AN—dm, 

AR — dnat. Rec. 

BO^Btol Generalu 

BS — Bial. Sirmpona 

BTW— Berlin Tierdred. TToehenichr. 

BZ^Biol. Zhurn. 

CV— Ccraell Vet. 

DTW— DeutreA. Tierdrtd TTocAenicAr. 
rCATM— Trani. Sixth Conffr. Far £<«*• 
Aetoc. Trop Med, 

G — Genetics 
11— Wered if as 

HL—IIeredilv in Lieesfocfc, MacmiUan, 
London 

IGCD— Broc. SwenlA Jnf. Genef. Centfr. 
Bdinburtfh 

IGCI— Proc. SiifA Inf. Genef. Conor. Ithaca 
IJ— Indian J. Vet. Sci Anim. //«sA. 

INZR— Ann. Insf iVof. ZoofecA. Roumanie 

JAR — J. Aor. Rei 

JAVMA— I. Am. Vtl. Med. Assoc. 

JEZ — J. Exp. ZoU. 

JG — J. Genef. 

JII— V. tiered. 


Literature References 
JMA — J Mxnufrv Apr. 

JPB— I Path. Bod. 

LVH— I<ond«* Veck. Handl. 

U— Nature 

jjpXA Sent Forteh Tterx. Abetammunoii. 

UJ—Nord Jordbrugtf. 

NV — Yofurens Verden 
OB— Ore. Apr Exp St. Bull 
VB—Poultrv Sex. 

PZ— ProW. ZAteofn. 

RDS— Prec Roy. Bublin Soe.N. S 
US— Prec. Roy. Soc. B. 
rSM — P roc Roy Soc. Med. 

SB— Storre Ayr Exp St Bull. 

SEBM— Proc. Soe. Exp Bid. Med. 

TD— rt;dscAr Oierpeneeefc. 

TL— PidseAr Larutok 

Proc. Seren TTorld's Poullry Conyr, 

Ctexeland 

^RB — Wxa Agr. Exp St. Re*. Bull. 

Z — ZticAfunpsA 

ZiAV— Zeif. ind. Abet. Vereb. 

Zr— ZflcAfer 

2TZ Zcxl. Txer* ZflcAfunpslnd. 

ZZ— Znf ZOcAf. B. 

about 1945, dwarf calves of beef 


Dwarfism in Cattle. Since 
cattle breeding have been reported with increased frequency. 
They have been reported in the literature by Johnson, Harsbfield, 
and McCone (1950); Baker, Blunn, and Oloufa (19o0) ; Baker, 
Blunn, and Plum (1951); and Gregory et al. (19ol). Dwarf 
calves have been reported as appearing in tlie three major beef 
breeds. The economic loss is serious; it is not confined only 
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to the smaiJ adult size of the dwarl caKes and their inability 
to grow rapidly, but the condition causes considerable difficulty 
and losses, especially among heifers, at calving. 

The evidence indicates that a single autosomal recessive gene 
when in the Jiomozygous state is responsible for the condition. 
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Dr P W Gregoiy of the Univeisity of California has con- 
tributed greatly to the solution of this problem Dr Gregory 
et al (1952) ha\e a special instrument for recording the profile 
of cattle heads By this means he is able to recognize, with a 
very high degree of accuracy, the bulls that arc heterozygotes It 
has also been sho\\n that normal cattle have different profile 
types and that these different profile types have some association 
■uith the degree or type of dwarfism expressed 
The heterozygotes haxe a head type tint found considerable 
favor in the «ho\\ iing This in turn has led to the selection of 
herd sires with this type of head The genes for dwarfism appar- 
ently ha\e thereby become so widely dispersed as to be a senous 
problem to the lierds and breeds concerned 
If dwarfism is due to a single autosomal gene, it could be elimi- 
nated, provided that breeders were serious in their desire to 
eliminate the condition It would, of course, be necessary to 
eliminate the type associated with the lieterozygous genotype 
This in itself would not be of any serious consequence to the 
industry, but it would be to many individual breeders with heavy 
investments m that typo of cattle 
The heavy pressure of selection for small size and ultra refine- 
ment may have led to a rather unbalanced genetic state which 
provided a favorable environment foi the full expression of the 
genes for dwarfism 

The above has some support from the studies of MacArthur 
(1944) ^lacArthur developed a large and a small race of mice 
Prom the fifth to the sei enth generations a number of what Mac- 
Arthur calls runts (11 out of 212 males and 15 of 239 females) 
segregated as recessives from the small line only Their vitality 
"as low, and apparently they were sterile Selection against the 
parents producing them essentially eliminated the type 
MacArthur states “ThcbC basic data clearly suggest that the 
influence of a size gene or znodifici is not a constant quantity 
definable in absolute amount, but rather that the effect of such 
a size gene or modifier increases as body size increases and lessens 
as body size dimim&hes In other words, the charactcn&tic and 
cs<«cntial effect of a size gene is that it depends on some standard 
^f reference and is rclatno, being proportional to bod> size as 
Potentially determined by the remainder of the genotjpc 
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If then we are to interpret the above in terms of dwarfism in 
cattle, it could mean that selection for ultra refinement had pro- 
duced a genotype m which the “dwarf" gene was able to express 
Itself more forcefully than m other genetic environments It 
would also explain why small-type matings do not always pro- 
duce the expected percentage of dwarfs, in some cases the dwarf 
gene may not be present 

Lethals and Animal Breeding Not all the characters labeled 
as caused by hereditary lethals have been proved to be inherited 
Nevertheless, a sufBcient number of hereditary lethals have been 
identified to cause stockmen concern It appears likely that 
many hereditary lethals are still uncovered It is not known how 
disadvantageous it may be to an animal to be heterozjgous for 
a recessive lethal Sub-lethaU arc probably far more serious than 
lethals because they are more likely to be earned along un- 
noticed, yet they may be causing considerable damage 
A condition due to tlie presence of sub-lethals and one due to 
an undesirable gene complex may be so similar that it is difficult 
to recognize where one leaves off and the other begins In prac- 
tice it probably makes little difference because the constructive 
breeder s ]ob is to eliminate both 
A further possible complicating factor may be gene interaction 
It 13 now well recognized that a given gene may be dominant m 
one gene complex and recessive in another It is therefore logical 
to assume that the action of genes m producing lethals may, in 
some instances at least, not be comparable If that assumption 
IS true it further complicates exact identification of the gene or 
genes responsible, but it does not alter the basic problem, the 
elimination of this genetic material from the family or breed m 
question 

An inbreeding program designed to purge a stock of lethals 
and sub-lethals should prove beneficial to any breed TJje bad 
results frequently accompanying inbreeding are in part due to 
the uncovering of lethals and sub lethals Inbreeding is the most 
certain and quickest means of bringing lethals to light and giving 
the breeder the opportunity of culling them 

In ca<es where a given lethal is widely dispersed through a 
major segment of the livestock population and threatens serious 
damage it does not appear practical to attempt the immediate 
complete eradication of the lethal from the entire population 
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. j 1 m tlio end more effective method of 

A cheaper and, per u 1 nhenotypic expression of the 

at first reducing the incidence of the 
lethal, and later practically eliminating it, 

of progeny testing, the detect (in case 

bire in question could be homozygous condition) it 

the detect ivaa due to ^ « ^„„,™^to be heterozygous 

he had been mated to tiiclve en ^ ^ .^hibited the defect 

for the defect, and none of but it would be so 

The proof, of '™“ „,alc m question was heterozygous 

highly improbable that ' Iraoiic-d to certify him as 

for the lethal gene that it would P nucleus and then 

free of the defect By developing tos of ^deus anO^^^^_ 

breeding the stock from within, ^ P foundations could 
tion of the lethal gene, such a the 

eventually be used to furnish “ J^^e of X reeessive 

livestock industry, and eventua y reduced m fre- 

gene though not completely eliminated, could be reduceu 

quenoy so as to cause bX can be identified with a 

Wheie the lieterozygo yp ^ ^sm, the direct eliminatior 
high degree of accuracy “ “at of^henotype is the proper 
of the heterozygotes on the basis o i 


procedure 
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Sex 


Sex determination and sex control have long been of great in- 
terest to both the layman and the biologist The ancients ad- 
\ anced theories of the cause of sex determination The number 
of theories advanced increased through the ages Many of these 
still enjoy a wide following The beginning of a sound under- 
standing of sex determination came through the rediscovery of 
Mendel’s laws and the discovery of the accessory chromosome 
The Accessory Chromosome Dr C E McClung, an emi- 
nent American zoologist, first suggested that the odd (uneven 
numbered) chromosome found in 




many insects might be a determiner 
of sex Dr E B Wilson, another 
eminent American zoologist, first 
proved that McClung'a suggestion 
was correct Wilson showed that the 


Fio 47 Conventional dia- Eqiash bug produces two kinds 

gram of the chromosomes of sperm, one containing 11 chromo- 
of Drosophila melanogaster gomes and the other 10 He also 
(After Morgan ) ghowed that the matured egg contains 

11 chromosomes, that, if it is fertilized by a sperm having 10 
chromosomes, a male zygote having 21 chromosomes results, and 
that, if the egg is fertilized by a sperm carrying 11 chromo- 
somes, a female zygote carrymg 22 chromosoraes results 
Morgan discovered sex-hnked inheritance in Drosophila which 
led him to assume that the female Drosopliila possessed two 
-Y-chromosoraeg, which were both sex-deterrcmcrs and the ear- 
ners of scx-linkcd genes, and that the male possessed only one 
X-chromosome Later it was discovered that the male Drosoph- 
ila po'^essed a mate to the A-chromosome that was distinguish- 
able from the \ because it commonly had a hook on one uid This 
chroino'oine was called the I'-chromosonie 
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The somatic cell of the Drosophila contains 8 chromosomes 
by the process of reduction, during maturation, are vetoed 
to 4, wLh in the female consist of two large, curved autosomes 
(chromosomes other than sex), one small 
club-shaped chromosome called tlie ®“'fthat 

miner The male matures two kinds of germ cells- one like that 
of the female, and the other different only in t '“t ^ s^^ 
chromosome, m place of being club-shape , as a ^omatic 

called the y-chromosome-male-detcrmmei Since the somatic 


Zygotes 


$ XX X Y 


X,X 



X,Y 


Gametes 


Zygotes ^ 

no 48 Illustrating sex determination by the X and Y mechanism 

cell contains 1 X- and 1 y-cliromosome, these male and female 

determining germ cells are produced m 

sex determinations depend on the random ma mg o 

It has been accepted that the XA'-XT type of , 

‘ion holds true for mammals, that is, the 

regarding sex and therefore produces only one m o s ’ 

ivhereas the male is heterozygotic regarding sex num- 

produces two kinds of sex gametes, and “ JJ, 

hers In certain instances there may be a slight a 
the above, the Y-chromosome may be empty or raising 

In birds and moths the situation is reversed The ^ 

homozygous and produces gametes of only one 
female is heterozygous and produces two kinds T1 g 
ally knoivn as the ZIY type, the male hc-ng ZZ and the fema 
2IT Castle (1924) suggests that the -Y-Y Ic- 

t lined and then proceeds to label theso males as ...bme 

males YY By so doing he maintains consistency m as b 
female dctennination value to the .Y-chromo-omc Ilm term - 
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Sex 


Sex detennination and sex control ha\e long been of great in- 
terest to both the layman and the biologist The ancients ad- 
% anced theories of the cause of sex detennmation The number 
of theories advanced increased through the ages ^fany of these 
still enjoy a v.\de follooring The beginning of a sound under- 
standing of sex detennmation came through the rediscovery of 
Mendel’s laws and the discovery of the accessory chromosome. 

The Accessory Chromosome. Dr C E McClung, an emi- 
nent American zoologist, first suggested that the odd (uneven 
numbered) chromosome found in 
many insects might be a determmer 
of sex. Dr E B Wilson, another 
eminent Amencan zoologist, first 
proved that McCIung's suggestion 
nas correct Wilson shoired that the 
male squash bug produces two hinds 
of sperm, one containing 11 chromo- 
somes and the other, 10 He also 
showed that the matured egg contains 
11 chromosomes, that, if it is fertilized by a sperm havnng 10 
chromosomes, a male zygote having 21 chromosomes results; and 
that, if the egg is fertilized by a sperm cany mg 11 chromo- 
somes, a female zj gote carrying 22 chromosomes results 

Morgan discovered sex-bnked inheritance m Drosophila which 
led him to assume that the female Dro«ophiIa possessed two 
A-chroraocomes, which were both sex-determiners and the ear- 
ners of sex-linkcd genes, and that the male possessed only one 
A*-chromosome Later it was discov ered that the male Drosoph- 
ila possessed a mate to the J-chromo«orae that w as distinguish- 
able from the A because it commonly had a hook on one tad This 
chronio-onie was called the V-chroiuo-ome 
142 




Fig 47 CoBveotional dia- 
gram of the chromosomes 
of Drosophtla melanagasler 
(After Morgan ) 
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The Accessory Chromosome 
The somahc cell of the 

by the process of reduction, ” large, ’curved autosomes 

to 4, which in the female consist of „ne 

(chromosomes other ^ Vehromosome-a sex-deter- 

club-shaped chromosome calle 

miner The male matures two lands o^ 

of the female, and the other has a hook, this is 

chromosome, in place of j^^^,ner Since the somatic 

called the y-cliiomosome— male deien 


Zygotes 


Gametes 


XY 



Zygotes 
Fia 48 Illustrating sex 


5 XX 


<f XY 


determination by the X and I' mechaniem 


11 4 IV nnd 1 y-cliromosoroe, these male and female 

cell contains 1 A- and 1 r ^ numbers, hence 

determining germ ® P j^ndom mating of the germ 
sex determinations depend on 

cells type of sex determina- 

It has been accepted female is homozygotic 

non holds true for one kind of sex gamete, 

regarding sex and therefore p ^ rcgliding sex and therefore 

whereas the male is these are in equal num- 

rori^rt— tesfheremaybe 

homoz^^o^s Ld produces gametes of ^ 
female is heterozygous and produces two kinds This is gencr 
a% tnowm as the Zl^ type, the male bo ng ZZ and the female 
7IP Tnsdo (1924) suggests that the A-T terminology bo main- 
tained and then proceeds to label these males as " “"d the fe- 
males \'y By so doing he maintains consistency in a-cnbing 
female determ.nat.oa value to the Y-chronlosome H.s terini- 
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nology if used generally would avoid considerable confusion 
among students 

Castle also suggests that the X-chromosome of birds is prob- 
ably not homologous to the X of mammals It is his opinion 
that birds and mammals evolved mdependcntly from an ante- 
cedent hermaphroditic stale 

The X- and T-Chromosome Not the Full Explanation of 
Sex Determination If the above explanation were the full ex- 
planation of sex determination, there would be no place for the 
intersexes or the sex reversals which are known to occur Nor 
would we ha\e a sound basis for the known facts regarding the 
embryonic differentiation of sex up to a certain stage of em- 
bryonic development the two sexes are equally well de^ eloped 
As aptly put by LiUie (1939) (in Allen’s Sex and Internal Se- 
cretions), “Exery zygote is thus potentially hermaphroditic in 
the sense that it is capable of giving rise to characters of either 
sex, or, subject to conditions of determiners, to characters of 
both sexes, i e , to individuals that are actual gynandromorphs 
or intersexes In the development of every individual, there- 
fore, there occurs, at some time at least, the rudiments of all 
sex characters, whether male or female ” 

In m«ecta and amphibia complete ecx reversal, the production 
of a functional male from a genetically determined female, or 
vice versa, has been produced by cxpenwental procedure It has 
been closely approximated in birds In mammals sex differentia 
tion has not been brought under such complete control but sig- 
nificant changes in sex differentiation have been observed 

The Autosomes and Sex Determination In Drosophila 
melanogaster, by a certain back-cross, Bndges (1939) (in Allen’s 
Sex and Internal Secretions) obtained normal females and indi- 
viduals which were apparent intersexes The latter could be di- 
vided into two clas«cs male intcrKixes and female intersexes 
Both groups of intersexes were «tcnlc Cytological examinations 
showed them to possess the following chromosome complex 


Chromosome II 

‘ m 

•• IV 

“ \ 


Male latcrscx 
3 
3 
2 
2 


Female Intcrsex 
3 
3 
3 
2 


Fna«ot in some 


Present in some 
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Somatic division does not always follow 
mitosis Bridges has described component 

males with ovaries having certain areas in 

cells are much larger than normal, the c iroino ^^3 (gam- 

tetraploid A tetraploid female will P™'* 'l^^r'l diplid 
etes with double the normal number 3 ^ ./gote 

ovum fertilized by a normal gamete will give mtersexes 

The assumption is that such a mother gave rise to the interse 

mentioned above ,ntpr,exes and females 

The chromosome difference between the iPt<=rsexes 

IS that the former possess an extra ofju— ^ J^he ^ 

covery of tins fact has made It clear ^3 male- 

cerned with sex determination an ecihihtv of there be- 

determining This does not P^“’“J it does indicate, 

mg female-determining genes on the poweiful in their 

however, that the male determiners P^“ . potency 

total eSect, either through greater num e development 

The X-ohrcmosome, on the * XrJxto A^ ,n 

toward the female side, as shown by Individuals that 

a male group changes the male into a female miv m 
possess lx and 2A A-chromo^mes -d 
semes) are normal females, thus an tt-ctiveness of the X 
one set of A’s Bridges represents the paleness 

tor female tendency as 100 and the nc oossessing 2X to 

of a set of autosomes as 80 In an in "I jo jnale ef- 

2A (normal female) the ratio of fema ® ^ ■nrhioli Bridges 

tectiveness is 200 to 160 or 1 25 to 1 Thus 1 25, whicii 

Table VIII Helation of Sex to Chromosomes in Drosop 
(From Bndecs m Alloa’s Sox aod la<o™i Scorel.™) 


Sex Type 
Superfcmalo 
j4N 

Fi-itub 

I N 
InU-rscx 
Male 

Suucrraalo 


X(IOO) 

3 

4 
3 
2 
1 
2 
1 
1 


^(80) 

2 

4 

3 

2 

1 

3 

2 

3 


Sex 
Index 
1 88 
1 25 
1 25 


0 83 
0 C3 
0 42 


Interval, 
Per Cent 
50 
50 
50 
50 
50 
33 
50 
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calls a sex index, is the index of a normal female The sex index 
remains the same for females which possess 1, 2, 3, or 4 sets of 
cliromo'omes (Table VIII) The normal male is X to 2A, and has 
a normal sex index of 0 63 Tlie sex index for the superferaale 
IS 1 88, %\hich IS deri\cd from a 3X to 2A chromosome complex. 
The supermale possesses X to 3A and a sex index of 0 42 The 
intersexes are indicated by possession of 2X to 3/1 and a sex 
index of 0 83 Bridges’ scheme of sex indexes is presented m 
Table VIII 

Metabolism and Sex Determination. It has been shoviii by 
Riddle (1923) that males possess a higher rate of oxidation and 
females a lower rate He also has e^odence that the difference 
m rate of oxidation is a determining factor m sex differentiation 
The result, hawe^er, is the same, it merely means that a zjgote 
of the XY type establishes a higher rate of oxidation than one 
of the XX types Riddle’s and Bridges’ explanations are both 
useful in helping to explain more of the details of normal and 
abnormal sex development Both explanations are in keeping 
luth the most modem, ever-growing concept of genetics, that 
most characters result from the interaction of sev cral genes and 
that the genes achieve their results tlirough a senes of phjsio- 
logical reactions 

The unit-character concept of gene action nas discarded many 
>ears ago, but it left m its wake an aftereffect that was some- 
what out of harmony with the above 

The Hormones and Sex Differentiation Hormones may or 
may not play a part m pninary sex determination They do, 
however, play a part in sex differentiation and «ex reversals A 
classic in this field is Lillie's (1917) explanation of the free- 
martm It had long been known that a female calf bom as a 
co-twnn to a male calf is usually stenle and pos’^sses some of 
the sex characters of both sexe«» It is known as a freemartm 
Lilbc found that fusion of the chonons and vascular anastomo'is 
occur m the bovine when the twins are between 10 and 15 milli- 
meters in length There is a free exchange of blood between the 
two shortly after the 15-nuUimPter stage of development 
The above facts gav e n«e to Lillie’s hormone theory of the free- 
martm which, m brief, is that the male calf casts hormones in 
Its blood, and that tliese flow to the female calf and stimulate 
the reces'ive characters present in the female embryo, thus caus- 
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T oil the examples of two-sexed 
mg the sterile frcemartin In anastomosis had taken 

twins examined by Lillie, nhere v .oijare vascular anasto- 

place, the female was a freemar in, g^^^ually normal He 

mosis had not taken place, the cm ,vhich vascular anas- 

also found male tv ms and female twin , The 

tomosis had taken place, they were freemartin is 

evidence, therefore, strongly m ica exchange of blood 

fundamentally a female but is changed by the 

with the male , ohorion, and the ques- 

Lamb twins are also found m a 8 freemartins’” 

tion naturally arises “Why do ^ (joes not take place 

But, in these instances, vascular an ^ female 

Another question that arises na ura there is evidence 

twin always affected?” The earlier age than the 

that the male’s genital organs ew stimulate the lat- 

female’s organs, therefore the characters 

ent male characters in the female be ^^^^^,^cad (1901) has 
are stimulated by her own ''ormo (1917) , they show 

considerable data on pigs, jovclop carlici than m the 

that m the male the genital “8 mteistitinl cells are 

female According to pig at the 25- 

present in both the testis an ^ numerous in the 

centimeter stage, but, 'j.aro in the ovary If d as- 

testis at this stage, they arc ^ the bovine foetus, the 

sumed that a similar condition pr ^ tor the occur- 

hormone theory is a very P a 

rcnce of the freemartin - ^ Mammal Crow dc- 

Other Cases of “ ‘‘^es sheep, and camels which 

scribes goats, pigs, horses, nj females, but which later 

early m life were apparen J Examination of the 

assumed some of the roa e revealed that the individ- 

internal gemtalm of '""„,taha of both sexes They could 
uals possessed some of ,ko-c m winch the gonads were cn- 

be divided into two classes greater 

iirely composed of tcsticu ® testicular tissue existed Among 
or less degree both rvlneh the gonads consisted of 

the latter, there wore inst ^ ovotcatis, both 

one ovary and one nmred ovaries and paired testes 

ovotestes, and m one ea I 



148 Sex 

The above cases are not to be explained as further examples of 
the freemartm because their mode of development is known to 
be different 

The explanation offered rests upon tlie known facts that at a 
certain stage of embryonic development the individual possesses 
(1) a pair of indifferent gonads, which develop later into female 
or male gonads, and (2) Mullerian and Wolffian ducts which de- 
velop into female or male genital tracts, respectively, depending 
upon whether the gonads develop into ovaries or testes Pre- 
sumably the development is due to hormones secreted by the re- 
spective gonads , whether the gonads become male or female de- 
pends upon the gene complex of the individual The theoretical 
explanation offered is that tlie different male-determming and 
feraale-deterrammg gene complexes elaborate their sex-differenti- 
ation substances at different rates or come mto action at differ- 
ent times Abnormality m the time or rate of the elaboration 
of the above aould then account for the intersexed individuals 
Sex Ratio and Its Control. In normal cases sex determina- 
tion IS dependent upon the chance mating of tlie gametes, hence 
one tiould expect the sex ratios to be equal, but they are not 
necessarily Crew (1925) gave the following sex ratios 



Male 

Fetoale 


Male 

Female 

Man 

ioa-107 

too 

P>g 

111 8 

100 

Horse 

93 3 

100 

Rabbit 

104 6 

100 

Dog 

118 5 

100 

Mice 

I00-U8 

100 

Cattle 

107 3 

100 

Fowl 

93 4-94 7 

100 

Sheep 

97 7 

100 

Pigeon 

115 

100 


By inbreeding and selection King (1918 and 1919) developed 
one strain of albmo rats with a sex ratio of 122 males to 100 
females, ana another strain with a sex ratio of 82 males to 100 
females 

Some evidence indicates that the sex ratio vanes wnth the sea- 
son of the year 

Sex ratios as tabulated at birth are secondary sex ratios, hence 
they may dificr [rom the pnniary sex ratio If, for any reason, 
one sex is neakcr than the other during the early stages of de- 
velopment that sex will suffer a high mortality, and the sex ratio 
vnll bo altered accordingly Scx-linked Icthals give cause for 
some upsets in the expected sex ratio 
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j 1 A Uv +he random choice of the gametes, 

Since sex is Weakens one kind ol gamete more 

if any environmental Various proposals 

than the other, the sex ratio my destroying 

have been advanced for control of sex r^ 

or handicapping one type o ^ Prof pelix Unter- 

Ti. S.. — »M. p.«-y 

berger of Prussia In the^ jg w the New York Dady 

was given to ®,,„ 4 Qy The proposed method of sex 

Veics and by Carl Warren (1940)^ douche previous to 

control was to use a 15 to P and a 0 5 to 1 0 per 

mating when male offspring ggp^ng were wanted The 

cent lactic acid douche if e , somewhat for different 

strength of the solutions was varied somewna 

species , w (1Q421 of the United States Depart- 

Drs McPhee and Eaton ( recommended 

ment of i21 pigs were born in their experi- 

methods 2,322 rabbits M ^ ® negative Similar experi- 
ments The ^ smaller scale, were carried out at 

Zo;,Texrand Wisconsin, the results likewise were negative 
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Selection 

Selection consists of choosing the parents of the next generation 
Degrees of selection \ ary, and the terra itself has different mean- 
ings to different people Many ailments about selection are 
really more concerned with the methods employed than with the 
word “selection ” 

Selection m animal breeding concerns itself with differential 
rates of reproduction T^se animals in a flock or herd that 
produce more offspring will have a greater chance to have their 
j^ngTelected In most herds or flocks, some animals are mar- 
keted before they have had a chance to reproduce, otliers are 
kept to produce off«pring Unless the market animals and the 
ones saved for breeding are separated entirely at random, some 
selection is being practiced It is doubtful if any breeder ever 
saves his breeding stock entirely by chance He is more likely 
to keep animals on the basis of personal preference He hopes 
these animals will produce more annuals like themselves 
Allow mg some animals to produce no joung and others to pro- 
duce all of the next generation is only one illustration of how 
selection is really a matter of choosing parents of future genera- 
tions There arc many degrees of this practice For example, 
in a swine herd where two boars ate used on an egual number 
of females, the boars should have equal opportunity to leave 
offspfrag- hr ffre next gcncnieam, other tfimgs being equaf ii the 
breeder, however, saves 75 per cent of his replacement gilts from 
sire A, and only 25 per cent from sire B, then A has three times 
the opportunity to contribute to future generations that D has 
Selection is being practiced for the offspnng of A, even though 
both sires leave some offspnng in the herd 
The Reason for Selection Selection is earned on for a va- 
ncty of traits In race horses selection is for more speed In 
dairy cattle selection is directed to higher milk and butterfat 
lal 
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production In pet stock and often in farm stock also, selection is 
for appeal ance In faim animals, selection should always be 
directed to greater utility. 

One central idea serves as a guide to all selection, regardless 
of what trait or class of animal is being subjected to selection, 
namely, a belief that selection xmU be effective in producing the 
lesults foi which the breedci is striving This holds true, even 
though the degree to \\hich people believe selection to be effective 
vanes \Mdely ^ 

Why do we believe that selection will be effective? There is 
evidence fiom at least three sources The first line of evidence 
comes from the study of evolution In studying the line of 
descent of the horse, for example, it has been shown that the 
early ancestois were very different m size and in many other 
chaiacters from the present-day horse It has fuither been shown 
that natuial selection has been tlie effective agent in shaping the 
changes in the horse and in all othei organisms 

This uas knonn to Charles Danvm in the nineteenth century 
Darwin, however, did not know that natuial selection worked 
through definite hereditary units called genes Since ^lendel’s 
discovery of the laws of inheritance, this knowledge has gradually 
been supplied by students of genetics and evolution This has 
given rise to a fairly sound undeistanding of how evolution has 
■'lorked It can now be clearly stated that selection on the basis 
of small genetic differences, and an accumulation of these small 
differences, has bi ought about major changes m our plants and 
animals Evolution thus shows that selection is effective over 
long penods of time, and indicates that we shall be successful in 
improving farm animals if we can duplicate and speed up the 
process of evolution 

The second hnc of evidence shows that animal breeders ha\e, 
m fact, succeeded in speeding up and directing the work of evolu- 
tion They ha\e evolved breeds m all clas'jcs of livestock They 
have been successful in increasing the yield of wool m sheep, the 
quantity and quality of meat m meat animals, and the quantity 
of milk and butterfat in dairy cattle This improvement has been 
'cry slow, and it was accomplished largely before there was any 
exact knowledge of heredity The lack of consistent direction 
m breed development has hampered the rate of impro\emcnt 
‘'C'ercly The mipro\cmcnt attained in present-day breeds of 
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lucstock IS largely attributed to selection AUhougli it is impos- 
sible to bow much selection has been practiced m shaping 
our present breeds, it is safe to ‘•ay that it has been a major factor 
Since the di=co\cry of the laws of inhentmce, new breeds of 
h\estock lia\c been de\ eloped m the short period of about ten 
years Selection has plajed an important role in tlic dc\c!opiiient 
of thc'-e lines, and they ha\c been developed to preconceived 
specifications bj the deliberate cro sing of preMou^K existing 
breeds and then breeding and •^jltcling on the ba^'is of perform- 
ance from withm those populations This last line of evidence 
IS a real reason for oplmuMii among breeders of livestock It 
demonstrates that amm \[ improvement through breeding and ‘se- 
lection can be accomplisbetl m only a fraction of the time required 
for the formation of the original breeds. 

Complications of Selection If “election were alitays effec- 
tive, the animal breeder s problems would be largely «olved The 
rea<ions lifted above arc ample justification fur carrying out a 
program of “election, but the nnn> failures of “election “crvc to 
dampen the €nthu®ia«m of inan> people engaged in animal breed- 
ing The complications of selection can be c)a«e)r)cd as two basic 
types genetic and operational although the di«linction ma> not 
alwa>s be clear cut Of the man> topics under each of these 
mam headings, “omc of the mam ones can now be discus cd 
Genetic Complications of Selection //eredtty and £’nt.tron- 
ment Most characteristics of economic importance in animals 
are controlled by many genes the same traits are al-o greatly 
influenced by environment An animal with a fast growth rate, 
raised on a deficient diet or m an othervv i“e faulty env ironment, 
may end with the same grov\-th rate as an animal that has a poor 
genetic constitution for rate of growth hut was raided in a good 
environment This effect of environment can be responsible 
for mistakes m selection It is important therefore to have a 
standard and suitable environment for the “tock under selection 
(M inters 1938) A-^mtable environment is one in which the 
better genotypes iiave a chance to expre'^s themseh es For exam- 
ple, an animal with a genotype for a fa“t rate of gam will be 
able to express itself fuljy only if its nutrition is adequate for fa't 
growth In a suitable environment the animals with the better 
heredity will be more likely to be selected for breedmg 
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Both heredity and environment are responsible for the develop- - 
ment of a character The relati\e determination of a character 
by either will vary from case to case, and over a period of time 
The important thing for the breeder is to be able to recognize 
the differences that arc hereditary, and thus increase the accuracy 
of his selections 

Genotype and Phenotype The genotype of an animal is the 
animal’s genetic constitution It is more than the sum of all its 
genes, for it also includes the particular combination and arrange- 
ment of those genes A particular gene will have different effects 
in different genic combinations The genotype of an animal can 
therefore be referred to as its genetic environment (Waddingtou, 
1939) The genotype remains constant foi an animal throughout 
i^s hfe 

The phenotype of an animal is the result of the intei action of 
the genotype and the environment in which the animal is develop- 
ing It IS the expression of the animal’s whole set of character- 
istics at a particular time The phenotype, unlike the genotype, 
changes with time Tins affects selection For instance, pheno- 
typic selection of rams and e^es should be done when they are 
at a market weight, if they are selected as breeding animals for 
the production of market lambs 

D^cujtie^in selection arise because we cannot identify the 
genotype of an animal accurately enough If we knew exactly 
the transmitting abilities of our nniiiials, progress from selection 
would surely follow We are not likely ever to know this, even 
after extensive progeny tests 

Hentabihty Most selection processes are based on phenotypic 
differences Although wc select on a phenotypic basis, our aim 
is to effect genotypic changes The amount of change that selec- 
tion IS able to bring about is dependent on the relationship of 
phenotypic varntion to genotypic vanation If the phenotype 
accurately reflects the genotype, selection will be quite accurate 
If . most of t he phenotypic \ariation is environmental, progress 
from selection %\iU be slow 

It has long been recognized that the phenotype represents a 
combination of genetic and environmental effects (Dempster and 
Lerner, 1950) The methods of separating thc&c effects ha\ c been 
developed gradually over a long jicriod of time Wright (1920) 
was one of the first geneticists to separate the genetic and cnvi- 
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ronmental components of phcnol>pic vanaljon In these cx- 
penmcnts, Wnght not onl> showed tlic relative importance of 
heredity and environment in determining the piebald pattern m 
guinea pigs but also demonstrated the effect of inbreeding on the 
variability of this trut He bhovved that the variability clue to 
heredity was greatly reduced with increased inbreeding 

Wnght (1921) also devised a statistical mtUiod of separating 
the genetic and environmental portions of the phenotypic vana- 
tion by means of path coefllcicnts These methods have been u^ed 
as a basis in arriving at estimates of degrees of hcntabihty of 
various traits (Lush, 1915) 

Ilerjtability may be defincil as ‘ the portion of the total pheno- 
tjpic variation vUucli_is_diic to additive gene action” (Lcmcr, 
1950) It is this definition that «e are most interested in, because 
hcntabihty in this «cn«c gives us an estimate of what vve can 
hope to achieve b> «clcctton. Ucntabihty is sometimes also 
defined as the portion of the total phcnol>pic variation that is 
due to hereditary differences between indiv iduals (Lcmcr, 1050) 
This latter estimate includes genetic variation due to cpistasis, 
dominance, and vanous other interactions on which selection 
cannot act efficctively We need to concern our«ehes only with 
the first definition here 

The larger the additivoly genetic portion of the phenotypic 
variance, the more accurately v'lll a heritabihtj estimate serve 
to identify the genotype. For this reason selection will be more 
effective in herds and for characteristics where the hcntabihty 
is high 

Heritabihty estimates are ratios expressed m per cent and are 
usually designated by h~ Like all ratios the estimates will varj 
as their components \ ary A\ c can show this w ith an ov ersimpli- 
fied example Let us designate hentability as h- = H/{H + E), 
where H refers to the hereditary vanation B refers to the envi- 
ronmental variation and // and E together equal the total pheno- 
typic variation 

The hereditary variation, //, can be reduced through inbreeding 
and increased by an outcross or by a more complete control of 
environment In a herd m which the inbreeding of the animals 
IS advancing, the hentabi]it 3 will decrease After an oufero's, 
the genetic variability and, therefore, the hentability will be 
raised 
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When the animals m a herd are not raised under similar con- 
ditions, much of their phenotypic vanation will be environmental 
This will have the effect of reducing hentability In our fraction, 
E will be large, and h“ will be reduced Where such a situation 
exists, many mistakes in selection will be made 

It can now be seen that hentability estimates are based on the 
variation in a particular trait, at a particular time, and under 
particular conditions In spite of these restrictions, the various 
estimates of hentability for the same characteristics in different 
herds have shown remarkably close agreement 

These estimates are very useful in appraising the results that 
we can hope to get thiough selection They also indicate when 
an outcross is necessary to effect further improvement or if more 
careful control of the environment will be sufficient to increase 
the hentability Hentability by itself does not really show when 
the environmental vanation is excessively large This informa- 
tion can be gleaned from a knowledge of the management prac- 
tices in the herd and from a study of the analysis of the data 
used in computing the hentability estimates 
Of the several methods of obtaining estimates of hentability, 
all have one thing in common all of them are based on relation- 
ship (Lush, 1945) This relationship may be parent-offspring, 
fuU-sib, and so on It is then possible to estimate how similar 
the genotypes of these relatives are from the closeness of the 
relationship that is used in making the analysis A comparison 
of the variation between these relatives and the variation between 
less clo&ely related animals in the same herd is the basis of all 
hentability estimates 

Table IX shows some actual hentability estimates for various 
cbaractenstics m farm animals 

Regression to the Mean Many breeders have been frustrated 
by the observation that the offspring of the animals that they 
selected had a tendency to regress to the average of the breed 
from which they were selected Gallon first pointed this out 
when his studies on the height of people showed that tall parents 
tend to have children that arc shorter than the parents, and vice 
versa llus tendency to regress to the mean became known as 
Gallon’s law of filial regression This tendency confused the 
early breeders, but it need not confuse us now 
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This regression can now be explained fairly easily When we 
get animals that are outstanding m characteristics such as rate 
of growth, economy of feed, and so on, it is probably because 
these animals happened to get a favorable combination of genes 
and a satisfactory environment for these genes to express them- 
selves When these animals m turn reproduce, new combinations 
of genes are formed through segregation and independent assort- 
ment, and these usually will be more like tlioce of the average 
of the breed The gene combinations giving nse to exceptional 
indi\ iduals are themselves rare Furthermore, the environments 
m which these individuals develop arc also exceptionally good 
The extreme animals, through the chance association of rare gene 
combinations and a rare environment appear to be better than 
their actual breeding worth Similarly the poorer-appeanng 
animals are probably better m breeding value than their appear- 
ance indicates 

The genetic part of the regression can be at least partly a^ oided 
by increasing the homozygosity or genetic punty through in- 
breeding The more nearly pure an animal is genetically, the 
less segregation there will be Naturally Nvhere the heterozygote 
13 superior to either homozygote it will not be possible to fix this 
superiority In such cases the systematic crossing of lines is the 
only way to restore supenonty 

The environmental part of the regression can be lessened a 
great deal by keeping the same environment as far as possible 
from year to year Tins is another reason for testing animals 
under conditions similar to the ones in which they or their off- 
spring are to perform It is not likely that the very best animals 
will be made homozygous even through inbreeding, but their 
breeding value will be improved somewhat in proportion to the 
amount of the purihcation achiered A clear undemtandmg o[ 
the causes for regression of offspring to the breed average will be 
a great help in a breeding program 

Types of Gene Action The fact that genes act differently m 
different combinations may make accurate selection more difficult 
A simple case of dominance m a single gene pair will illustrate 
the point Where A is dominant to o, AA and Ac individuals 
will be of the same phenotype They will be selected with equal 
preference, but AA mil breed true whereas Ac will segregate 
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A knowledge of the correlations between lanous characters 
should be a great help m a\o)ding mistakes in ^election 
Effects of Inbreeding It is generalij known that a decline m 
all the attributes of ^^go^ usuallj accompanies inbreeding Hence 
many breeders hesitate to practice inbreeding Inbreeding, how- 
e%er, is nece««ar> to induce gene <egregations and to fix desirable 
gene combmations In the words of ^^ngllt (1939), “The onlj 
method bj which selection can be brought to bear effecti\ ely on 
the rare fa\orable rece«'5i\cs to increase their frequencj, or on 
rare imfa\orable ones for their elimination, is b> inbreeding ’ 

Sei eral po'itii e steps can be taken to counteract the depressing 
effect of inbreeding on ^ igor The fir«t ®tep is to choose founda- 
tion animals that arc superior m production Rigid selection 
should be followed from the outlet so as to offset the effect* of 
inbreeding on performance 

The fi^«tem of inbreeding employed should be a flexible one, 
so that the opportumtj for selection is increased If fixed sjs- 
tems of mating «uch as brother si«ter, sire daughter, etc, are 
followed It will often be impo-«ibIe to mate the best perfonnmg 
males with the best-performing females Furthermore, «uch fixed 
85 stems will make it impossible to u«e certain exceptional sires 
to the extent to which their merit dictate* that the) should be 
used Some fixed s56t€ms of mating will advance the inbreedmg 
so rapidl5 that maximum segregation wiH not be promoted, and 
selection will have no opportunity to act It ith a flexible 65rteni 
of mating the rate of inbreeding can be more ea«il5 controlled, 
and geared to the selection program 
Ammal breeders often use the term prepotenc5 Prepotent 
individuals come about through inbreedmg Prepotenc> is the 
regulant> with which parents transmit their characters to their 
offspring Regulant5 of trannm«*ion is increased with increased 
hQmoz5go«)t5, which is obtained only through inbreeding and 
selection 

Operational Complications of Selection Objectiie in Se- 
lection Man> failures of ^election m hvectock can be attributed 
to a lack of definite objective Examples of this can be found 
in ev er5 das- of rtock where there has been ^election for tsiie 
The mo>t popular tj-pe one \ear has met with di«favor a few 
5 ears later A* a result of thi* selection has changed direction 
frequentl> and real progress has been ^low or entirel5 lacking 
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The direction of selection changes most frequently -nhere the 
objective is evaluated by judgment rather than measurement 
The reason probably is that the breeders themselves do not agree 
on the objective or else have only a hazy idea of vhat their 
objectne is Defining the objective by measurements clarifies 
the problem, and tends to bring about closer agreement among 
breeders 

Selection vill be more ciTcctivc when the breeder has a definite 
objective for vhich to strive This objective must be defined 
by measurements There riill still be ample opportunity for the 
breeder to exercise judgment This judgment should be used 
along with measurements, but should never replace measure- 
ments 

Number of Traits Selection becomes increasingly complex as 
the number of traits under selection increases When a single 
trait is subjected to selection it is a simple matter to rank the 
individuals in the order of their merit for that trait This 
becomes more difficult as the number of traits is increased An 
individual may bo very good m one character but deficient m 
the others Very few animals will be good in all the characters 
that are under selection Animals must be selected as a unit, 
and, when an individual is selected for a character in which it 
excels, all its other characters arc also selected This will result 
in selecting animals that arc lower on the scale of merit in some 
traits because they are particularly good in one or more of the 
other traits To simplify this problem, the number of traits must 
be kept as small as is practicably possible The traits put under 
selection must be those with the greatest value from the stand- 
point of utility 

Foundation Stock Selection may be ineffective because of an 
unfortunate or unwise choice of foundation stock If the founda- 
tion animals arc genetically poor, no one has as jet demonstrated 
that selection prc'^surc will be cfiectiac in bnngmg about improve- 
ment within a reasonable or workable period of time Selection 
mcrclj sorts genes, and permits the better ones to be saved and 
the poorer ones to be di^scardcd Therefore it is very important 
to ‘Start With good foundation stock If the genes tliat wc arc 
looking for are not m the foundation animals or arc aery in- 
frequent, thej will lm\e to be introduced by crossing, or selection 
will be powerless Selection can act onij wlicn there is \aria- 
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bihty Genetic ^a^lablhty is caused b> heterozygosity, and can 
be increased by outbreeding Selection is inefTccti\c for loci tlmt 
are already homozygous 

Level of Performance Sometimes selection may be cfTcctue 
for a while, and then it becomes ineffective for furtber progress 
For example, in artificial breeding centers where proved dairj 
sires arc used, it is ensj to raise milk production in herds with 
low production After several generations as the level of per- 
formance of these herds is raised, further progress will become 
less and less Selection here will lo«c effectiveness, not because 
the quality of the sires is lower, but because the level of perform- 
ance of the cow herds has become higher When the level of 
performance of a line is already high, furtlier progress b> selec- 
tion will be slow, unle«3 it is accompanied by a 8>stcm of mating 
that will bring about new gene combinations 
Systems of Selection Too much ngiditj m the systems of 
selection may be a handicap to progress in an animal breeding 
program ]ust as a fixed system of mating is sometimes harmful 
If the relative importance of each character was known cxactl) 
a fixed system of selection might serve ver> well Tins mforma 
tion 18 not known exactlj, and it vanes from herd to herd and 
from one situation to another 

If a line is deficient m a certain trait, the maximum selection 
should be applied to that trait Comstock and Winters (1944) 
showed that inbreeding affected fertility more than rate of 
growth In the Minnesota work, therefore more ieleciion has 
been directed to increasing fertility This probably could be 
taken into account in a selection index but many of the traits 
vary in importance from year to year and with the availability 
of the material on hand A selection index that is correct on the 
average, over a period of years is not good enough The system 
of selection should be flexible enough to allow the maximum selec- 
tion to be applied where the need is at any particular time 
Furthermore selection indexes have been proposed for some time 
and no one has yet demonstrated ability to use them effectively 
in the improvement of livestock 

A fixed standard of selection such as a minimum record of 
performance also has definite complications A breeder may 
specify that no pigs should be selected from litters with less than 
eight weaned but there will be years when there are too few 
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litters of eight or more for selection to operate on such things 
as rate of growth and feed efficiency 

Length oj Time In order to effect improvement of livestock 
through selection, a breeder must be prepared to continue his 
project for a relatively long period of time The turnover m 
livestock IS slow m terms of numbers of animals, and in numbers 
of generations Progress of a single generation is apt to be com- 
pletely masked by environmental effects, and it takes many years 
to turn over several generations in larger classes of livestock 
Although progress per year is small, real improvement can be 
effected over a longer period of time 

Number of Animals When the number of animals in a line 
or herd is small, selection is severely restricted, because small 
herds or flocks offer so little opportunity for genetic segregation 
There can be little selection m such cases Even m less extreme 
cases, selection is likely to be handicapped through a lack of 
numbers 

Selection in Small Animals Selection experiments with lab- 
oratory animals have been numerous In Drosophila, selection 
has most often been for bristle number (Mather, 1949 , Sismanidis, 
1942, Heuts, 1948) In mice, selection has been for white hairs 
and body size (Goodalc, 1938, MacArthur, 1949) In rats there 
have been selection experiments for hooded pattern (Castle, 1951) 
and for efficiency of food utilization (Morns, Palmer, and Ken- 
nedy, 1933) The expenraenf reported by MacArthur (1949) on 
selection for body size in mice seems to be typical of the selection 
experiments in small animals It xvill be discussed briefly to 
indicate how selection has operated m the laboratory 
MacArthur (1919) reported on a selection experiment for large 
and small body size in mice The report covered 21 generations 
of selection The foundation stock consisted of animals produced 
by intercrossing 6 inbred strains of mice of average size, but of 
vanous colors 

In carrying out his selections, MacArthur identified and 
neighed all the mice indi\iduall 5 The actual selections were 
made by corapanng the weight of individuals and sibships with 
tlicir parents and sometimes with their progenj He did not 
draw sharp distinctions between indnidual, pedigree, and progeny 
selection His pamngs of large mice were made at random 
within one closed population, u^ing one male with se^ cral females 
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T!ic Biino practice followed in tlie ■‘inall line The more or 
Ic^s nndoin inntinR mhftncc in the rvte of mbritdmR 

Pairs that produced first Utters, of proim'»inR l>od\ size were mated 
again to multiplj fa\oraUlc gtiioUpcs 
■\\ ith this t> po of fcckction MncArthur ‘•uccccilcd in compUtclj 
separating a large and a small line of mice The smidlL®! mice 
in the large strain were lugger th m tlic largest tmet m the «mall 
strain The actual weights of the large ami small mice for 0 7, 
14 and 21 generations are shown m Table X 
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A^D rno\i Small asb I ahol Rach Aitra 7 14 asu 21 OrsEiiATiosa 
oi pLLS ASD Minus Sflictios 

(Mae \rthur) 
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The bulk of the change m body size had alread> occurred b> 
the end of 7 generations The later changes came more slowly 
and the heritability of body weight decreased from about 2o per 
cent to about 10 per cent The total \ariabihty of the mice was 
about the same at the start of tlic experiment ns it was at the 
beginning The hentalnlilj figures indicate that much lc«8 of 
the variability was genetic 

Conscious selection was earned on for body weight only, yet 
several correlated responses took place The two races of mice 
differed in coat color rclati\e size of appendages temperament 
and litter size Several possible explanations for tbo correlated 
responses are suggested by MacArthur Some of the genes w itli 
neutral effects for grow-th probably drifted apart at random 
Some color genes may also ha\e an effect on growth rate Such 
multiple effects of a gene are eallcd piciotropy 
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Relative growth of various parts may have caused the larger 
relative size of appendages in the small mice Different rates, 
of change in body surface to body weight may have had an effect 
on metabolism so as to change the animal's temperament Litter 
size and growth may have been correlated through the endocrines 
Linkage may have been responsible for some of the correlated 
responses 

The results of this experiment are explained m "very simple 
terms MacArthur states, “The 30b ^^as to re-shiiRle the size 
genes, and unpack and reorganize the chromosomes to bring to- 
gether as many plus genes as possible m the large race ” It seems 
that the chromosomes with the most plus genes for body size 
were sorted into the large race of mice, and the ones with the 
most minus genes into the small race This occurred early when 
most of the progress nas made Later progress was slower, and 
was made possible by recombinations of chromosomes through 
crossing-over, bringing still more plus genes together m the large 
race, and vice versa 

Mather (1949) explains the results of his selection experiments 
with Drosophila in a very similar way He refers to the plus 
and minus genes as polygenes This term is frequently used in 
relation to the inheritance of quantitative characters Many 
polygenes \Mth small effects are postulated Some of these poly- 
genes have negative and some have positive effects If the plus 
and minus effects are equally distributed over the chromosomes, 
their net effect is neutral In selection experiments, when plus 
(or minus) polygenes are sorted out, the effect is quite appre- 
ciable 

It can be seen that selection in small animals can be very 
clTectne, and that the genetic explanation of the results is rela- 
tively simple AVhy then can we not get such spectacular results 
m farm animals? One reason is that wc arc forced to select for 
many more characters in farm animals In laboratory animals 
selection can be concentrated on one character, but m farm 
animals utility is based on too inanj characters to make this 
possible Furthermore, farm animals have been under artificial 
selection for so manj generations that much of the onginal van- 
ahihtv of ‘Jomc cliaractcrs maj have become fixed, althougli tlio 
vanabihl> in economic characters appears to liavc remained 
rather large 
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large numbers of “mall nnmnls can be mamtamed in the 
laboratory at a moderate co«t In h\c lock the numbers of 
animals must be kept relati\eh «mnli bcfaii“c of the cost of 
jnamtnmmg them on an txpcnmcntal ba*-!? The generation 
intcr\al is much longer in farm animals than it i« m the small 
animal' MacArthurs mice n\crngc<l about three generations 
per year In sninc a generation h at least a year and ordinanh 
much more In “beep and cattle the generations ore e\cn longer, 
and the number of offspring per dam is smaller \\ c mu«t be 
prepared to spend many more years on selection experiments 
with our farm animals m order to show improecmcnt comparable 
to that demonstrated in laboratory animals o\ cr a \ cry few y cars 
Selection in Swine rubli‘'hcd results of selection experi- 
ments with swine arc now becoming aenilahlo Mo«t of thc “0 re 
ports come from the aanous cooperating stations in the Regional 
Swine Breeding Laboratory setup For the most part the“C reports 
are based on data that ba\c been gathered m the fonnation of 
inbred lines rather than from experiments designed specifically for 
the study of selection 

Dickerson and Hazel (1942) compared \anous methods of 
selection for 180 day weight on the ba«i3 of expected rate of 
impro\emcnt They found Progrc«s 13 nearly maximum when 
gilts are selected on 180 day weight and the dams producliMty 
and all gilts are replaced annually This seems to contradict 
MacArthurs suggestion that mating parents who have produced 
a good first litter will multiply faiorable genotypes Alore 
studies will have to be conducted to determine how far the shorter 
generation interval when only gills are sa%cd will compensate 
the good effects of increasing favorable gene complexes by 8a\ ing 
the exceptionally good females (and males) for additional litters 
Ktider et al (1946) reported on a selection experiment for 
rapid and slow growth rate in swine They succeeded in separat- 
ing two lines but concluded that the separation was due mainly 
to the decline m gaining ability m the slow line rather than to 
any improvement in the rapid gaining strain At the time of 
their report the experiment had not been carried out over enough 
generations to draw many conclusions The records of gilts for 
four years were reported Year to year differences in emiron 
ment over such a short period could have a marked effect on the 
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results That the two lines were separated seems to indicate that 
'ielection does have an effect even over short periods of time 
Dickerson and Grimes (1947) studied the effectiveness of selec- 
tion for efficiency of gam in swine The results indicated “that 
selection based on rate of gam from weaning to market w eight 
would be nearly as effective in improving economy of gain as 
selection based directly on individual requirements for feed “ 
Selection for high and low feed efficiency was successful in sepa- 
rating the two lines 

Laben and Whatley (1947) made a study of selection in an 
inbred line of Duroc swine The study of data covering 6 genera- 
tions of a closed population showed that the performance of 
the line declined steadily, although the selected animals each year 
were considerably superior to the average of their generation 
Kottman et al (1948) reported a selection study with inbred 
lines of swine They found the annual selection differentials to 
be one-fourth of a pig per Utter at birth, one half of a pig per 
litter at weaning and 18 pounds in individual weight at 154 days 
In spite of this amount of selection, the level of performance of 
the lines was below the expected performance when allowance 
was made for a decline from inbreeding, and for improvement 
from selection 

Bernard et al (1950) studied the usefulness of a selection index 
for swine on Wisconsin farms The characters included were 
number farrowed, number weaned, number at 154 days of age, 
individual and litter weights at weaning and at 154 days of age 
The gilts recommended by the use of the index differed signifi- 
cantly from those gilts not recommended, but still selected, for 
all characters included m the gilts’ own selection index 

On the whole, these reports are not nearly so hopeful as those 
on selection m smaller animals The selection studies of the 
Minnesota data are more optimistic and are reported following 
the presentation of the methods of selection at Minnesota 

Demonstration of the Use of Minnesota Swine Records 
Everj pig IS identified at birth by car notching The litters are 
numbered bj tens, proceeding from litter 0 to litter 990 The 
numbers are then used again, but the letter A is put in front of 
the numbers The«e Utters read AO to A990 Tlie next round 
of numbers is preceded by B, and «o on The letter is not mdi 
catecl on the car, and, becau«!C pigs are relativelj short-Iiied, 
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very tew piRi willi U>e same mimlicr will 1)C in llic herd nt the 
same time. The few thnl >lo happen l<> have the rnroe mirohcr 
can be iilcntified hy their ditterence in nee 
The notches tfod in this syetciii (it niimherini; nrc shown in 
Fig. 49. No one pig will have all these notches Individual 
de'Criptiiins niid illustrations of the 
notching iintj iminhcrmR ore jirc- 
fcntcd in Tiri fiO to r»r; 

The piqs «U!iin n Utter nrc mnn- 
i)cre<! mtlivulimlly For cxntnplc 
in httcr 0, tlic first pig is 0 nmi ha’< 
no enr notch The rc«t of tlie pig-* 
nrc imtnhcrcd 1. 2, 3, nne! con*cct»- 
ti\oiy to n<» ninny pig- n<» tlicrc nrc 
in the litter It is n good pmcticc 
to notch nil pigs of one ecx first 
and then tho«e of the other It does not nintter whether inalc'* 
or Icmalca hn\e tiic lower numher«. go long ns the gnino pro- 
cedure is followed in each litter In n httcr of } males nnd 5 
females, the males will be 0, 1, 2, and 3 nntl the females will bo 
4 through 8 

The herdsman’s book is inoH important for the collection of 
good records. This book should he of Midi n sjxc and quality 
tliat it can bo earned m the herdsman’s pocket without lo«s or 

^ ^ ^ 
^ 

Fta 50 The individual ear notches u«ed for Utter 0 The first pig in the 
Utter 13 0, hence it has no car notch and no illustration is incUtded 



Fio 49 All the notches twi 
m ft sjstom numbering imli- 
sidually. 
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Pia 51 The identification of pigs when there are more than 10 m the 
litter The eleventh pig is OX the twelfth, IX, etc 



Fiq 62 Litter 10 The notch for 10 indicates the litter number The indi- 
vidual pigs are numbered as shown If there are more than 10 pigs m the 
litter those after number 19 are marked with an X notch as indicated m 
Pig 51, except tliat in this case the litter notch 10 is used 



Pio 53 Litter 20 The notch for 20 indicates the litter number, and the 
individual numbers are as shown In case there are more than 10 pigs in 
the litter, the X notch is used as indicated m Pig 51 



Pia 51 Litter 30 Tlie notch for 30 indicates the litter number The 
individual pig numbers arc os shown 


£0 




etc., up to 49 


55 Litter 10 The hltcr number 40 w indicilcd bj a 30 and a 10 notch 
Individual pig numbers are ns shown 



170 SdectJon 

damage to the pages At Minnesota tins book is used to record 
all the breeding information The sire and dam are listed, along 
with the weight of the sow at breeding, farrowing, and neanmg 
The date of breeding is al«o recorded The mdiMdual pigs are 
listed at the time they are ear-notched, along with their birth 
weight, sex, and condition at birth Later the dates of vaccina- 
tion and weamng arc noted m this book The deaths of any 
pigs are recorded as they occur Any other information that 
concerns either individual pigs or litters is recorded Finally 
the weaning weights of the individual pigs and the date of wean- 
ing are listed 

The herdsman provides a list of all his matings to the central 
office, BO that litter pedigrees can be made up even before the 
Utters are bom As the information becomes available, the litter 
number, date of birth, number of pigs bom alive, and the number 
of males and females w caned are entered on the previously pre- 
pared pedigrees The inbreeding of the Utter is entered as soon 
as it IS computed 

A preweanmg sheet is filled out by the herdsman and sent 
to the central office for processing These data are directly 
transcribed from the herdsman’s book, and include the weaning 
weights and all the mforroation preceding weaning Figure 56 
IS a completed preweanmg sheet for Utter F920 

At weaning, the larger Utters are placed in a test lot on pasture 
Each test lot is about a quarter of an acre of pasture, and has 
a portable shelter, a self-feeder, and a waterer Since sufficient 
test lots are never available to test the entire pig crop, only the 
larger litters are put on test Each of these larger litters is 
placed m a separate lot This fii^t stage of selection is ba«ed 
entirely on Utter size This insures that any pig selected from 
test Utters will be at least fair in Utter size Litter size is mo'^t 
affected by inbreeding, and is important enough to warrant the 
stnet attention that it receives The proportion of litters put 
on test vanes from year to year but approximates from 40 to 
60 per cent This is the first round of selection, the a\ erage 
weight of the pigs «elccted is about the same as that of the 
unselected, sometimes more and sometimes less 
When a httet is designated as a test litter, the nhole litter is 
placed on test This makes it possible to practice individual 
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selection Mithm the litters, as well as litter selection In some 
cases, a single exceptional individual may be selected from an 


UKlTStl STJlTia DtPARTIrtHT OP ACRICOLTTOK 
BureftQ of Ani«*l Industry 


Cooporuting 3t*tlon- 

tmtR RlCORn. FARROtmO TO WIAMIHS 


Sou nuatoor— 
Sou B alre. 
8o«'b dB«_ 


F162 


F920 


E673 


E660 


E270 


rriun/n. ^*2 


Inbreeding of bou— 
Date of birth, bov. 


3-4-50 


; — ; 

(iBt. 2nd, ete ) 

Sob b weight B.I breeding 

et 109>112 dAya. 
At Beanlng 


titter nuBber_ 

Sire of litter 

Breeding of litter. 

Inbreeding of litter 

rerroBlng date 3 - 21 - 51 ,_ 

Date TA00lnAted_ 

Date ueened 


55 


5-29-51 

5-18-51 


Sob' a generel eppearAnoo 

At farroBing Good. Medluu, Poor 
Ho good teatB R.. i ■ — ^ — 

.t ...nit.* C0»a. 


titter B general Appearanee 

At farroBlng Seed , Uedlua. Poor 

At Beanlng Coed Medina, Poor 


Wia ftmatlonlns t«atB R I* 


Pig 

Mo 

B 

Birth 
Veight 
(IbB 1 


ff.il .r 
0 

■I 

DlBpeaal 

at 

VBAnlng 

RBOArkB, Dafeeta and 
AbnerBalltlea 


Bl 

iBI 


wm\ 





Bl 

pgMI 

Bil 




J3xed 4-5 51 


Bl 



Si 




1^^ 

■a 

WBL 





/>A£cC 4-14-51 


wm 

la 


E2B< 





im 

wrm 






F9Z6 

wm 








wm 

na 







IB 

Bl 





JijMd 4-16-51 

F929 

IE9 

Bl 


lEa 

Ifll 




3E9 

11^ 


ICB 

IIB 




Igg 

iFn 

im 

lEB 

IIH 




m 


1^9 


[|S 




Fio 66 A prewc^nmR swine record 


otherwise ordinarj litter In other cases an entire litter may 
be selected, if the litter record is gooil enough 

This system is deliberatclj different from the ones in which 
onh a sample of the litter i» tested It the pigs are appropriately 
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selected, four pigs on te«t can proMdc htter inforniation almost 
as accurate as if the tvhole litter nere tested (Lu, 1951) The 
infonnatioli from part of a litter is adequate for sou testing, but 
it restricts induidual pig selection Testing part of the Jitter 
reduces the test to aicrage figures for the htter, and selection 
can be mostly betueen litters Where considerable emphasis is 
on individual selection the nholc litter needs to be tested In 
this nay selection can operate on the variation within litters 



Tio 67 Swine Inter test lots 


The pigs of test l:tlm are neighed mduidually at 84 112 140, 
and 154 days The feed records are kept on a htter baM« There 
are four lecd periods corresponding to the weighing dates as 
follows first period 66 to 84 days «econd period 84 to 112 days, 
third period 142 to 140 days foujlb period 340 to 354 da>« 
The ration is highest m protein for the first period and lowest 
for the fourth period The com content of the ration is iTvercae.cd 
in each succe^^iie period The neigh shcet'i and feed sheets are 
kept b> the herdsman and a cop> of each is submitted to the 
office for processing 

The pigs arc indniduahj scored on the daj they are weighed 
out of the te«t lots This 'core is assigned on the ba«is of e>e 
appraisal It con«i«ts of an o\er all appraisal of the pig as to 
t>pe constitution and possible phy-ical defect" The\aIuesfor 
"core range from one through nine The top "core is nine and is 
rc«er\cd for indiMdua\» that arc excellent in the "corer s opinion 
This IS "tandard procedure for alt cooperating stations in the Re- 
gional Swine Breeding Laboratory 
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When all the field records are in, they are processed and 
entered on litter summary sheets. Figure 58 is a completed litter 
summary sheet for litter F920. The litter summa^ sheets are 
used in making the actual selections. They contain all the in- 
formation on the factors of performance that are used as criteria 
for selection. 

The factors of performance that are used for selection are. 


Number of pigs farrowed alive 
Number of pigs weaned 
Weight at 154 days 

Rate of gam from 56 days to 154 days 
Economy of gam 
Body score 

Weight at 154 days and rate of gain from 56 days to 154 days 
together constitute the criterion for growth rate. Economy of 
gain is measured as the feed consumed per hundredweight gam. 

Although 154-day weights are used as the end period here, any 
other suitable period can be used.^ Whatever end period is 
chosen, it is important that it be strictly adhered to. 

The litter summary sheets of the tested litters are first sorted 
according to litter size at birth and at weaning. Gilts and boars 
are then selected from the larger litters on the basis of their 
growth rate, body score, and economy of gain. The amount of 
superiority of selected individuals over the line average is never 
specified in advance. The proportion to be saved and the superi- 
ority of those saved depend on the availability of material m any 
particular season. The best-performing pigs are saved for breed- 
ing each year. _ ..... , 

There is considerable flexibility at various points m the selec- 
tion program. First, the different characters are not assigned 
particular values and combined into one composite score. This 
allows the amount of selection for the various characters to flue- 
tuate from year to year and from situation to situation. In this 
way a concentration of selection for growth rate may be applied 
at a time when it appears that growth rate needs to be improved 
in relation to the other performance factors. In some instances 
pigs with exceptional growth rates will be selected, even if their 
litter size is perhaps below the desired level. Thus, the greatest 
selection can be applied where there is the greatest need for it. 
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Fw 5S A completed Utter summaiy sUect 
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Flexibility of selection is maintained in the proportion of gilts 
and old so\\s that arc saxed to make up the breeding lierd, tlic 
pioportion depends on the pcrfoimance of the sows in the lierd, 
based on their ability to laisc thrifty litters and on the number 
of high-performing gilts m the test lots If a sow has produced 
a good litter, she is kept in the herd in the hope that tlie fre- 
quency of her genes will be increased in the herd On the other 
hand, if a particularly good crop of gilts is axnilablc, a larger 
proportion of these gilts arc kept for farrowing 
The selection of boars follows the same pattern ns that for 
females, except that fewer boars arc required For this reason 
only the more promising boars arc left uncastrnted to 154 days 
of age, and the others arc castrated early At times tiic number 
of boars selected is kept fairly higli, so as not to raise the amount 
of inbreeding loo rapidly Boars that leave superior offspring 
are kept as herd sires for several years The others arc replaced 
annually by young boar pigs 

Standardization o£ Records In order to appraise the per- 
formance records properly, the conditions under which the rec- 
ords arc made must be standardized as far as possible The pigs 
arc raised as nearly as possible under conditions simulating those 
m which they w ill be expected to perform when they go out to 
producers The rations and management are kept very similar 
from year to year 

Some of the records must be adjusted statistically so that they 
will be directly comparable For example, sows produce more 
pigs than gilts do, owing to an age efTect on fertility If this is 
not adjusted, the gilts will be penalized in selection for litter size 
Consequently, age correction factors for number of pigs farrowed 
liavc been calculated (Stewart, 1944 and 1945, Fine, 1951) All 
farrowing records can be corrected to an equal gilt basis This 
sliould help to avoid mistakes in selection for litter size 

Table XI lists the corrections to adjust the farrowing records 
to a 12-month basis (Fine, 1951) These corrections were de- 
rived from Minnesota data Tliosc corrections probably arc not 
generally applicable Other corrections should he computed for 
the data where they arc to he used 
Pigs arc not alviays ivoighed at exactly 50 and 154 days If 
these wtjglits arc not adjusted, the pigs weighed too early will 
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Table XI 


CoRREcrrioNS to Be Applied to Farrowinq Records of 
Gilts and Sows op Different Ages 


,ge of Dam, 

Correction to Number 

Months 

Live Pigs Farrowed 

9 

+1 0 

10 

-fO 6 

11 

+0 3 

12 

0 0 

13 

-0 3 

14 

-0 6 

15 

-0 8 

16 

-1 0 

24 

-1 6 

36 

-1 0 


of 


be penalized and pigs weighed too late will be favored All the 
eaning v. eights arc therefore adjusted to a 56-day basis The 
formula used for this adjustment is 


56-day weight 


actual sseight X 41 
age - 15 


All the final weights are adjusted to a 154-day basis by the 
following formula 


Weight at 154 days 


actual weight X 94 
age — 60 


These formulae were derived statistically from a large amount of 
data (Stewart, 1944, Lu, 1951) These corrections are modifica- 
tions of those by Whatley and Quaifc (1937) and by Bywaters 
andWillham (1935) 

It IS usually recognized that heaMer pigs eat more feed for 
maintenance than lighter ones Feed records based on a definite 
end period, such as 164 da>s, tend to favor the lighter pigs Pigs 
weighing 160 pounds at 154 dajs would appear more efficient m 
feed utilization than pigs weighing 190 pounds at the same age 
Some of the lower feed requirements of the smaller pigs are due 
to their sire, and have no bearing on feed efficiency Kristjansson 
(1951) studied this condition and devised a method to adjust the 
feed records to an equal weight basis All the records are ad- 
justed as though they were made from an equal starting weight 
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to on equal end n eight These concebons should help m reduc 
mg in, stakes ;“;X7Zrlfept at Minnesota arc 

hou! Ire toLd on''production, and the identity of each animal is 
sheep, each lamh 

on the body for the Replaced periodically 

‘'Ih: tag:ns'’cd:ro:e station bear the , ear of birth, the line of 

breeding, and tlirNortTstlr or 103 

designates the first lamb bom 

lino The 3 is the sheets as shown in 

MrsV'ZsTrZ; : Z^roduetion record, —0 >t shows 
the amount of wool and l^imb each pro nees each yea^^_^ 
birth weight, weaning weight, ana rani as 

“Ea’erLc’s production is calculated to a standard hundred- 
^ r ^ oil -Pir^t the lamb ivcights are adjusted to a 140- 
pound-ewe basis 7„„1 is then converted to equivalent 

day basis jitter figure is based on a study of Winters 

awo' Z“r?he found that 1 pound of wool is the equivalent of 
3 4 pourds of lamb He obtained this value from market values 

“'prtdZmt'pcrruZredTou^^^ ot <="« calculated by adding 
th! total amb produced and adding the lamb equivalent of woo 
nroduced This total production is divided by the ewe’s weight 
and multiplied by 100 The ewe’s weight is taken as the average 
of t^^o %\cighmgs on fixed dates 

T1 re IS \erj httlc selection of females, because a large pro- 
of the ewe lambs are needed for flock replacements For 
^reason, all ewe lambs that arc rea'^onably well grown out 
nd free from ob\ious defects are sa\ed to help maintain the 
flock number The poor producers in the ewe flock arc culled 
on the basis of their production per hundredweight 
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The ram lambs are selected largely on the basis of their dam 6 
production per hundredweight. This is where most of the selec- 



tion is practiced E>ery year the ewes’ production records are 
sorted, and the numbers of the top 12 or 15 ewes are listed The 
ram lambs from these ewes are saved, and all other ram lambs 
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are castrated. This eliminates ram Iambs from low-producing 
ewes. When a line becomes well established; and tlierc is a pub- 
lic demand for rams of that line, more ram lambs are loft un- 
castrated. 

When the lambs have been weaned and scored, those ram 
lambs with the fastest growth rate, best fleece, and highest market 
scores are retained, as possible flock sires. This is individual 
selection and allows for some flexibility in the system of selection. 

In sheep and cattle, where the number of offspring per dam is 
low, improvement through selection centers more and more on 
the sires. Selection of ram lambs from the highest-performing 
ewes allows all the females to be kept, while selection for per- 
formance proceeds. This system entails very little record keep- 
ing, as the pedigrees arc maintained on the female side only. 
The highest-producing ewes produce the flock sires, and thus in- 
sure the multiplication of genes for high production. The whole 
flock becomes linebrcd to the best-producing ewes. 

This system of selection is practiced in stock where the num- 
ber of offspring per dam is low. In sheep, the lamb itself forms 
a large part of the ewe’s total production. Exceptional indi- 
viduals arc not likely to be by-passed in selecting on the ewe’s 
total performance. In pigs, wlierc litters are farrowed, any one 
pig’s performance forms only a small part of the dam’s total 
performance, and many exceptional individuals might be over- 
looked with this system of selection. Similarly, in pigs there are 
five factors of production as criteria for selection. Exceptional 
individuals in one or several factors of production can be missed 
in a system of selection based on a single production figure. 

Other records of performance tests have been developed for 
sheep, Christgau (193S) developed a record of performance for 
sheep based on weaning weights at about fifteen weeks, post- 
weaning weights at about eight weeks later, lamb grades at the 
time of the latter weighing, and wool grade and weight. The 
lambs’ rating is really based on postwenning gains. The rams 
oan bo rated on the basis of sire differences of postweaning gain 
of lambs. The ewes are rated on the basis of total pcriormance, 
wliich includes botli lamb and woo! production. 

Terrill and Stoolir (1012) found tlmt ewes tlmt weighed lieavicr 
0.5 yearlings produced, on the average, more j)oijnd8 of lamb than 
lighter ewes. 'I'lii'ro was no connistcnt difference in lamb pro- 



j 78 Selection 

The ram lambs are selected largely on the basis of their dam s 
production per hundredweight This is where most of the selec- 



Fio 59 Individual sheep record 


tion IS practiced Every year the ewes’ production records are 
sorted and the numbers of the top 12 or 15 ewes arc listed Tlie 
ram lambs from these ewes are saved, and all other ram lambs 
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are castrated This eliminates ram lambs from low -producing 
ewes When a line becomes well established, and there is a pub- 
lic demand for rams of that line, more ram lambs arc left un- 
castrated 

When the lambs ha\c been weaned and scored, those ram 
Iambs with the fastest growth rate, best fleece, and highest market 
scores are retained, as possible flock sires This is individual 
selection and ahows for some flexibility m the system of selection 
In sheep and cattle, where the number of offspring per dam is 
low, improvement through selection centers more and more on 
the sires Selection of ram lambs from the highest-performing 
ewes allows all the females to be kept, while selection for per- 
formance proceeds This system entails very little record keep- 
ing, as the pedigrees are maintained on the female side only 
The highest-producing ewes produce the flock sires, and thus in- 
sure the multiplication of genes for high production The whole 
flock becomes linebred to the best-producing ewes 
This system of selection is practiced in stock where the num- 
ber of offspring per dara is low In sheep, the lamb itself forms 
a large part of the ewe’s total production Exceptional indi- 
viduals are not likely to be by-passed in selecting on the ewe’s 
total performance In pigs, where litters are farrowed, any one 
pig’s performance forms only a small part of the dam's total 
performance, and many exceptional individuals might be over- 
looked with this system of selection Similarly, in pigs there are 
five factors of production as entena for selection Exceptional 
individuals in one or several factors of production can be missed 
in a system of selection based on a single production figure 
Other records of performance tests have been developed for 
sheep Chnstgau (1938) developed a record of performance for 
sheep based on weaning weights at about fifteen weeks, post- 
vveanmg weights at about eight weeks later, lamb grades at the 
time of the latter weighing, and wool grade and weight The 
lambs’ rating is really based on postwenning gains The rams 
can be rated on the basis of sire differences of postweanmg gam 
of lambs The ewes are rated on the basis of total performance, 
which includes both Iamb and wool production 

Ternll and Stochr (1942) found that ewes that weighed heavier 
as jearhngs produced, on the average, more pounds of lamb tlmn 
lighter ewes There was no consistent difference in Iamb pro- 
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duction bcUecn ewea born na single and cues bom as turn*’ 
The importance of ^election on bod} ucjglit before the first 
breeding uas cmpliasizcd 

Terrill (1951) reportwl on the records of inbred Ramlmudlct 
lines of sheep from 193S through 1918 He shoued th it progress 
had been made tlirongh selection in o\cr-all merit of ucanlmg 
lambs Tlic expected progress from selection of sires uas far 
greater than from selection of dam® Tin- substantiates the 
earlier statement of the sire’s spccnl importance in classes of 
stock uhcrc the number of offspnng per female is low 

Proved Sires Reed (193S) rcaiewcd the results of 20 }cars 
of pro\ed-sirc breeding m Jer-cv cattle TIic use of S proaed 
sires m this program had resulted in a marked increase in pro- 
duction oacr the foundation cons The a\erngc production of 
the foundation cons uas 11,C2G pounds of milk ami 034 pounds 
of butterfat E^cry «irc got daughters uliosc production aacr* 
aged well abo\c that of the foundation group The grand n\crago 
of 86 daughters of the 8 pro\cd «ires uas 12 7G0 pounds of milk 
and 674 pounds of butterfat or an increase of 1,134 pounds of 
milk and 40 pounds of butterfat 
Eaidence of progrcssisc benefits of prosed «ire breeding is 
indicated by the fact that daughters topped b> onl} one pros ed 
sire aseraged 662 pounds of butterfat, those earthing tuo crosses 
averaged 682 pounds and tho«e ivith three or more crosses a^c^- 
aged 705 pounds Similar results were reported for Holstein 
cattle Sixty six daughters of pro%cil bulls used in tlic herd 
averaged 497 pounds of milk and 49 pounds of butterfat o\er 
their dams 

A weakness m many so called pro\ed sires is that they are not 
actually proaed too often the proof rests on a highly selected 
progeny Unless the test is based on all the offspring (daughters 
m the case of a dairy bull) or a truly randomized selection, the 
data may be very misleading In still other instances tlic fe- 
males to which the male is mated are a higlily selected group, 
here the performance of the entire progeny can be ^ cry mislead- 
ing especially if they arc in the hands of an outstanding herds- 
man 

Most modem dairy indexes make adjustments for the dam’s 
production The United States Bureau of Dairy Industry com 
piles a list of proaed dait} bulls under the rules of the Dairy 
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Herd Improvement Association provcd-sire program The tol 

lowing taken from Agrimltural Handbook No 7, USD.A. ex- 
plains very satisfactorily both the method and its use: 

Under the rules of tins program, all production ^c'.rds '.f daughters 
and dams used in the tabulation consist of the first 30o dajs prod 
tion of the lactation period Records of cous under 6 or over 7 years 
of age are comerted to a 0-ycar-old basis by using age-conyersion ac- 
tors developed by the Division of Dairy Herd Improvement I"' est.ga- 
tions, from records of association cons Records o cons mi 
or four times a day during any part of the 305 -day lactation period are 
reduced to a twice-a-day milking basis, by using ac ots l 
fact tliat cows milked three times daily or four imes Oa'ly Pjoduc 
approximately 20 per cent or 35 per cent more mi , ^Ltion 

If they had been milked only tn.ee daily When more than on la ta ion 
record is available, each record is standardized according ' 

mg procedure and the average of all the standardized records is used 
represent the producing capacity of the cow 
The information given tor each sire may be better understood by 
Studying the following proved-sire record 


Number 
10 daughters 

1 $ daughters 
IS dams 
Difftrenc© 
( 11 - 10 - 10 ) 


Pounds 

Milk 

16.024 

14,928 

13,578 

+1,360 


Per 

Cent 


Founds 

Butter 


S 4 
3 4 


613 

466 

+47 


Fobeb Rcbt Bor Dixie 811414 *12 
Born, 11-21-40, proved, 3-31-49 ahve 
Mich 

Sire, 773513, dam, 1770094 
Used m Michigan Co-op ABA, Ino 

The Holstein sire Fobes Ruby Boy Dixie 811414, as u'd.oamd in the 
second line, was born November 21, 1940, and was proved March 31 
1949 He nas alive nhen proved In some records a dash ( ) 

follows the date of proving, which mdicato that no 
as to whether or not the sire was alive or drad at the " 

The sire was nroved with records from Michigan The third line 
f „ mimbcrs of the sire and (hm of the proved sire 

The lasUine Jf “ „„e herd were used, the ref- 

p oved In case which production records tor 

erenee is to ‘'-<= ,V duiglu'crs wore reported If 

he largest nmnh r of he s c > „,,„cmtion, the 

the sire IS reported 1 1 .soil m 

name of the a«oci Artifiiinl Breeding A«socntion, Inc 

was used in ,cg„trillion luimlicr of a sire indicates that 

An nstens ,ovj 4 bst and that liii record Ins been rctabulatcd 

he appeared in a prcMuu 
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correct ,t or to rnclorlc •r.M.t.on.l .Int . rl.jt Inrc i;;';', 

nl,lc TLe neore Wloo.rrj .Ire .Mon-k rn.l.r.r.. .. 
orcMOu- 1. IS 111 - recoril •,iiiic-.t,-l TIic nirrire 1 ir»lirHc ll.' fir t li . 
(l/rrccl/niicour STT), 2 Hu teean.l 

the n-tcnk rml fciirt 12 (M2) (riUirrinr: tlie rc-.-r.trn,<,il omotio 
milic lie tint ll 111 on tlie nri nplii ircil m tli< liirKlli li t ( Mti'rllnnr 

hiblicntion CjJ) , . , ,,, 

Ixzmc^ nt \ho r>clil tlut tl« liwl K. di..rhtrr. ^v 1 tl. »oti 
of 2.{ production roconU r.n2l i»oim W of fnilk. it ttnz 

per cent fit, ind iimzinz r»r> i^mnli of Imttcrfit, tint 1 > o I uj ' 
diuzhler' Jntl J1 production rreord-* i\<nzmz 14 'Ck i>ound< of ini . 
tc'lins 34 \MT cent fil, ««d n\»ri;inz 'iH j«mnd- of btiltcrfil, nn 1 
tint the 15 duns of the c dnuht. rs Ind W. produclinn records aserDS* 
ms 13,578 pound* of milk, tr«tuis .14 i»er rent fit, ind fistrizms -J' ’ 
pounds of huttcrfit \ plu* (+) or imtiiH ( - ) fizn mdintt ' sshetlrr 
the nverage production of the dnuzhter* i* 'il>ose or lielow tint of the 
dims . 

The three figure* m parrnlhe‘e> (U-lO-10) following the woril <h • 
ftrence” pi\e a brief comp-»n«on of the diughtrr* with ihiir rtsiiectisc 
dams Tlio first figure n the numlKT of diughter* tint c<pnleil or 
exccllcii their dims m milk prtxlueiion, the Mtond figure the numlier 
of daughters that cqtLilcd or exeelUHl in hutterfit te l, and the third 
figure the nuralwr of diughters lint eipnletl or excclle*! m hutterfit 
production 


USING THE PROVED-SIRE RECORD 

The prosed sire record is tummanzed in this list should lie considcrcil 
merely as an indication and not i® conehi*i\c CMdencc of the brewliDg 
value of the sire m question In gcneril, howeser, the pre iti r the num- 
ber of dam-ind-daughter compin'^n* includetl m a prose<l-ire record 
the more reliable the record as an indication of the breeding mIuc of 
the sire Al'o the greater the number of lictition records mcludwl m 
the aierage record of each dam and daughter the more dependable the 
provcd-sire record 

If the difTerence between the aaerage bultcrfnt production of the 
dams and that of the daughters is le^s than 25 pound®, the mcrcisc or 
decrease should not be considered as significant If the diughters of a 
sire baa e an a% erage butterfat production of 25 or more pound- above 
that of their dams the sire may be considered as rai'ing the production 
of the herd m which he is used If the daughters' aacrage butterfat 
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production is 25 pounds or more below tint of their dams the siro may 
be considered as lowering the production of the herd m which he is 
used, in which case he should be discarded from that particular herd 
Such a sire may prove useful m a herd of lower-producing dams, how- 
ever 

To make the most intelligent selection of a sire, the dairyman should 
use these proved sire records to single out the most promnmg sire and 
then make every effort to supplement these data with additional in- 
formation gathered from the herds in which the dams and daughters 
made their records Particular attention should be given to the feeding 
practices and environmental conditions under which the records were 
made, m order to be assured that the records of the daughters were not 
made under more favorable conditions than those of the dams or vice 
ver«ia It is especially important to determine that there has been 
no ‘^election of daughters in making the comparison 
A dairyman who wishes more information about a listed sire than is 
contained in the brief summarj may write to the herd owner listed Or 
he may address hia request to the extension dairyman of the State in 
which the sire was proved or, if the sire is reported as used m an 
artificial breeding association, he may write to the extension dairyman 
of the State in which the breeding association is located He should 
address his letter as follows State Extension Dairyman, In Charge 
of Dairy Herd Improvement Association Work An address list is given 
on page 6 

The theory behind the progeny test sire or dam, is that the 
young untried individual is selected on the basis of its phenotype, 
but after it is reselected on the basis of its progeny it is selected 
on the basis of genotype Actually genotype plus environment 
makes phenotype Purity of genotype is probably seldom com- 
patible with the most desired phenotype, but desirable genes 
must be present m order to obtain the desired phenotype, hence 
"elections for phenotype if effective must also within limits be 
effective for genotype 

The above does not have application to dairy cattle or poultry 
egg production In these species the male cannot satisfac- 
torily express his genotype through his phenotype 

Stratton (1952) made a study of the comparative effectiveness 
of selection in swine before and after testing their progeny The 
performance records of the foundation herds of Minnesota No 1 
ftnd No 2 swine were u^ed as material for the studj TJic “study 
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was based on dams’ records only because the number of sires was 
so much more limited Stratton states 

The annual genetic improvement expected to result from the increased 
accuracy of ^election due to the progeny test m the actual herds was 
generally offset by the increased interval between generations A com- 
parison of the expected genetic gain due to selection for number of 
pigs weaned bodj score, feed efficiency and growth rate in the theoreti- 
cal gilt herds and in the actual herds within each line indicated that 
more annual genetic gam would have been realized in the theoretical 
gilt herds The expected annual genetic improvement for litter sue 
was greater m the actual herds than m the theoretical gilt herds This 
can be partially explained by the mcreaeod intensity of selection for 
fertility in the actual herds and, thus, a corresponding decrease in the 
intensity of selection for the other traits considered 

Records of Performance of Beef Cattle Sheets (1932) pro- 
posed a method of measuring the actual performance of beef 
cattle m efficiency of gam In this method all the feed con- 
sumed by a calf is recorded, including the milk and supplement 
used during the suckling period The calves are fed to 900- 
pounds weight and then carcass-tcstcd The final record of per- 
formance 18 determined by the number of pounds of cold dressed 
carcass per hundred pounds of digestible nutrients consuihed 
Carcass grade and tenderness score are given some importance 

Winters and McMahon (1933) described a method of evaluat- 
ing performance by the average daily gam from birth to one year 
of age, and a quality score based on conformation at the end of 
one year 

Black and Knapp (1936) proposed a method of performance 
testing for cattle based on efficiency and rate of gam from 500 
pounds to 900 pounds Carcass grade also enters into the final 
appraisal This method was found bjr BJari s.od Hjxapp P&3S) 
to be a more accurate method of appraisal on the basis of prog- 
eny performance than the two other methods described 

In the light of the compamons mentioned above. Winters 
(1940) proposed the following procedure for gathering perform- 
ance data for beef cattle 

1 Record birth weight of calves 

2 Creep feed during the nursing period and wean at a con- 
stant weight of 450 pounds 
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3 Test the feedlot perfoimancc from 500 to 900 pounds 

4 Record the animal's ment in body conformation on a per- 
centage of perfection basis 

Where individual feeding is possible, a record should be kept 
of feed consumed between 500- and 900-pound weights The 
data of carcass appraisals should also be recorded 
Knapp et al (1941) concluded that a program of progeny test- 
ing for efficient beef production should be based on rate and effi- 
ciency of gam in the feedlot, dressing per cent at slaughter, and 
carcass grade and uniformity of offspring in these respects 
A program of developing inbred lines of beef cattle is being 
conducted at the U S Range Station, Miles City, Montana One 
line of Hereford cattle has been bred and selected for economic 
performance for 15 years, without the occurrence of a single 
dwarf calf (Knapp et al, 1951) Improvement in the line for 
rate of gam was at least 0 16 pound in daily gam and 66 pounds 
in weight at 15 months of age This indicates that the methods 
employed are effective in improving the performance of beef 
cattle 

The practice followed consists of saving about half of the bull 
calves in each line and castrating the other half on the basis of 
the calf's own phenotype and its dam’s record (Woodnard, 1951) * 
This first selection is based largely on the milking ability of the 
dam 

All bull calves are then fed individually on a time-constant 
test, and the calves are selected on the basis of final weight, 
a\erage daily gam, and efficiency of gam on feed If a calf sur- 
passes the record of his sire, he replaces the sire m the breeding 
herd 

Carcass data are also collected to measure differences between 
the progeny of various sires 

Females are selected on a weight basis at eighteen months of 
age 

The sjstcm of performance testing just described is \cry simi- 
lar to the sjstem practiced (or swine and sheep in ^Minnesota 
Selections are ba'sed on performance, and no set «!}stcm of in- 
breeding IS followed With the low number of offspring and 
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long generation interval in cattle, the accurate testing and select- 
ing of sires becomes the key to the breeding program. 

Methods of Selection. Individual, pedigree, and progeny 
selection are often treated as thougli they are entirely separate. 
In practice, the three methods tend to overlap a great deal. 

In the preceding pngc'i, a system of selection that is based pri- 
marily on individual performance is described Information on 
both progeny and pedigree is u«cd as it becomes available. 
■\Vhen pedigree selection is used, the mfonnation is based on the 
performance of ancestors. In a performance-testing pnigrain, 
such as described here, the |>erfonnancc of ancestors is available, 
and some attention is paid to good ancestry Offspring arc not 
exact replicas of ancestors, lior\c\cr, and individuals are never 
selected entirely on their ancestry; they must perform nell ns 
indnuluals even \shcn they have good pedigrees 
By inbreeding a herd, the relationship of animals in the herd 
increases All the animals tlicn have very similar pedigrees, and 
there can be almost no pedigree selection Genetic variation 
among individuals within the herd becomes reduced, hence the 
effects eness of individual selection is reduced 
In progeny selection, the stress is on the performance of the 
progeny. The drawback is that progeny performance becomes 
known gradually Selections often cannot be delayed until the 
progeny has been tested for such characters as fertility and 
milking ability. The generation interval is so long in farm ani- 
mals tliat m many cases a program of progeny testing takes too 
long to be practicable It also requires a large physical plant 
to carr)’ stock until all progeny information is available The 
information for individual selection is av ailabic much sooner 
Selection in the Minnesota project is largely on individual 
performance, but information on performance of progeny is used 
as It becomes available For example, boars that sire a uni- 
formly good group of pigs are sometimes used m the herd for 
several years These boars are originally selected on their own 
performance (with some emphasis on pedigree for a character, 
such as number farrowed, which the boar cannot express di- 
rectly) They are reselccted on the basis of the performance of 
their progeny The same procedure is followed for sheep 
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Inbreeding must be used along ^vith selection The matu 
system emplojed should be a flexible one to allow full use of tl 
available material The system of selection should also be fle; 
iblc to permit the greatest amount of ‘selection where there is tl 
greatest need for it 

Judgment should be used along uitli inea«uremcnts, but not ■ 
replace measurements A clear objectnc should be in mind, s 
that selection can be consistent over a period of years Tl 
foundation animals must be good performers The numbers use 
should be large enough to allow rigid selection 
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Although selection has been practiced from time immemorial, 
there are few accounts to demonstrate its effectiveness When 
the actual performance of a whole herd or flock is improved 
over a period of years, it is taken to mean tJiat selection has 
been effective in raising the level of performance The actual 
production figures, however, give no indication of how much 
selection was practiced, or how much improvement was due to 
better nutrition or management 

If an increase in performance is due to management or some 
other environmental factor, the perfoimancc of the animals will 
slip back whenever the favorable environment does not prevail 
If improvement in performance results from genetic improve- 
ment, the change is of a more permanent nature In order to 
appraise the effectiveness of selection, more refined methods than 
mere recording of the pcrfoimance data are required 
One method at once suggests itself If a herd is split into 
two groups, one group can be left without selection, as a control, 
while selection is practiced m the other group This method 
should show the effect of selection In practice, this method is 
not so useful First, it is difficult to get a large enough group 
of animals that arc genetically enough alike at the outset Sec- 
ond, the experiment stations simply do not liave facilities to 
carry the large numbers of animals for a control and a ^elected 
group just to demonstrate the effectiveness of selection Finally, 
breeders cannot afford to maintain herds without some selection 
Effectiveness of selection can also be tested by selecting in 
opposite directions from a common foundation group This has 
been done m small animals (Mather, 1949, IMacArthur, 1949) 
and even in swine (Knder et al, 1946, Dickerson and Grimes, 
1947). If a low and high line arc separated, it is clear that 
1S9 
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selection is effective In farm animals, hotte\cr, all the interest 
IS in selecting for high pcrfonuance, and the selection for low 
lines IS wasted effort An expenment of this nature will not 
show how much of the selection lias been m the plus direction, 
and how much in the minus direction of performance Tiic Il- 
linois expenment with swine, although successful m separating 
two lines, resulted main’o -m Inwenns tVie wt the 

low line A different method of appraisal mu<!t be resorted to 
Selection is generally conaidercd to be effective when it is suc- 
cessful in raising the level of performance of a herd or flock It 
IS also effective when the level of pcrfonnance is maintained 
while the degree of purification is increased Punfication comes 
about through inbreeding Greater punfication results m a more 
uniform group of animals m their genetic complex The "prepo- 
tency of the animals is increased with increased genetic purity 
Increased prepotency increases the regularity with which parents 
transmit their characteristics to their offspnng Prepotency — 
go desired by animal breeders — is the result of homozygosity or 
genetic punty and dominance An understanding of the reason 
for prepotency should make it clear that selection is effective if 
it can maintain the level of performance while achieving greater 
genetic punty In other words, selection is effective if it can 
offset the decline tliat usually accompanies inbreeding 
The difficulties encountered in conducting experiments to meas- 
ure the effectiveness of selection in farm animals forces animal 
breeders to a different method of appraisal This method prob- 
ably will never be used by the average livestock breeder, but it 
IS u«eful for experimental herds It consists of comparing the 
actual trend of performance over a penod of time with the ex- 
pected trend on the “basis of the amount of selection practiced 
and the hentability of the trait The effects of inbreeding are 
also considered 

To make such a compansoa valid, the data should cover a 
sufficient number of years for the good and bad environmental 
effects to have a chance to cancel each other If there has been 
any consistent trend in management, this trend must be meas- 
ured and accounted for If the net environmental effects are 
zero, or near zero, and there has been a change in performance 
of the herd, it can justly be attributed to selection This method 
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A measure of the a?noun£ of selection that is practiced is 
known as the selection dijferentml The selection differential is 
usually defined (Lush, 1945, Lemer, 1950) as “the average su- 
periority of the selected animals over the average of their gen- 
eration, v.eighted by the number of offspring” If an animal 
leaves no offspring, it has the same effect as if the animal was 
never selected It will leave no genes for future generations 
Animals that have relatively more offspring will have relatively 
more opportunity to pass their genes on to future generations, 
and, therefore, to influence the herd The weighting should 
therefore be based on the number of offspnng at some definite 
stage of life For example, weighting by the number of off- 
spring at birth is not suitable for dealing with such traits as 
growth rate A sow that has a litter of ten pigs that die soon 
after birth will have no more influence on the growth rate of pigs 
m the herd than a sow that has no offspring 
The definition of a selection differential needs clarification m 
another respect In some cases it is more convenient to measure 
the selection differential as the difference between the average 
of the selected animals and the average of the group from xihich 
they iLcrc selected rather than the generation from which thej 
were selected The group from v^luch the ammils were selected 
should be corrected to the ‘•‘unt generation ba«i3 This sort of 
tiling occurs where pigs arc selected for litter size from both sow 
and gilt litters The pigs arc selected on the b isis of their dam’s 
record The gilts and ‘«ows ina> be from a different generation, 
but, when the sow s litter size is uijusted to a gilt bisis, it has 
the effect of putting sow and gilt hlteis in the «amc generation 
I he sows mu'jt be gi\cn creiht for the genetic supenoritj on 
which tliev were -clecUd to plicc them m the s unc generation 
IS the gills Tlic definition for ‘•election differential is sound, 
hut ^ometlnles groups need to be adjusted to the same generation 
base 
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A simple example of calculating a selection differential fol- 
low s Let it be assumed that three gilts A, B, and C are selected 
from a group of gilts that a\erage 175 pounds at 154 days of age 
A weighed 190 pounds B weighed 185 pounds, and C weighed 
200 pounds at 154 days hen the«e gilts farrowed, they raised 
3, 2 and 1 gilts to 154 days of age, respectively The weighted 
average of the three selected gilts is 

3 X 190 = 570 

2 X !&> = 370 

1 X200 = 200 

6 1 140 

1,140 divided by 6 equals 190 pounds 

The '‘election differential for these gilts is 

Average of selected gilts 190 pounds 
Average of all gilts m the group 175 pounds 

The gilt selection differential is 15 pounds for 154 day weights 
This IS a measure of the superiority of the selected gilts The 
superiority of the selected males can be similarly calculated 
The two figures can be combined into one selection differential 
for this generation This is an estimate of the amount of selec 
tion that IS practiced for 154 day weight per generation The 
selection differentials for the other traits are similarly computed 
An increa'-e of 15 pounds per pig at 154 days m the next gen- 
eration IS not to be expected Some of the 15 pounds supenonty 
of the “elected gilts is due to environmental causes Some of 
the supenonty will probably be due to favorable interactions of 
the particular genes of the<e gilts Because of segregation and 
xecombmation the offgpnng of these gilts will not have exactly 
the same genes as the gilts and consequently will not have the 
same gene interactions How much superiority can be justly ex 
pccted m the offspnng of the«>e gilts? If the hentabihty of 154- 
day weight IS 20 per cent 20 per cent of the 15 pounds or 3 
pounds supenonty in the off«pnog of these gilts w ith re«pect to 
154 da> weight is the maximum that can be expected 

It was previously stated that hentabihty was a ratio of the 
additivel^ genetic vanation over the total vanation of a trait 
It Is therefore clear that, the higher the hentabihty of a trait, 
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the more accurate is the selection. A heritability of 20 per cent 
is the same as identifying a genotype with a 20 per cent degree 
of accuracy. 

If it is desired to know how much progress can be expected per 
year from the selection practiced, it is necessary to change the 
3 pounds per generation to a per year basis. To do this, we 
must know the generation interval of the herd. The generation 
interval is defined as “the average age of the parents when their 
offspring are bom” (Lush, 1945). This age is again weighted 
by the number of offspring of each set of parents. The method 
of weighting will vary with the investigator, but let us weight the 
age of the parents by the number of daughters that farrowed. 
This is a figure that has a direct bearing on future generations. 
Table XII is an example to aid in clarifying the calculation of 
generation interval. 


Table XII. Tee Calculation of Generation Interval 



Age of 

Age of 

Average 
Age of 

No. of 
Daughters 

Weighted 
Age of 


Dam, 

Sire, 

Parents, 

That 

Parents, 


Months 

Months 

Months 

Farrowed 

Months 

Litter 1 

24 

12 

18.0 

3 

54.0 

Litter 2 

19 

12 

15.5 

2 

31.0 

Litter 3 

24 

12 

18.0 

3 

54.0 

Litter 4 

13 

12 

12.5 

1 

12.5 

Litter 5 

26 

12 

19.0 

2 

38.0 

Total 

Average 




11 

189.5 

17.2 


The average generation interval of these pigs is 17.2 months, 
which equals 1.43 years. 

The gain expected per year for the example becomes 3 pounds 
divided by 1.43 or 2.1 pounds per year. 

The improvement of 2.1 pounds at 154 days of age needs at 
least one further correction. It is possible, by statistical tech- 
nics, to detcnninc how much decline results in 151-day weight 
witli each per cent increase in inbreeding. Let us assume that 
the inbreeding in the herd rose from a coefficient of inbreeding of 
zero to one of 30 per cent over a 10-year period. Tliis is equiva- 
lent to a 3 per cent increase in inbreeding per year. Fine (1951) 
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found that 154-day weight decreases 0658 pound for each per 
cent increase in inbreeding The inbreeding in our example re- 
sults in a decline of 3 times 0 658 or 1 97 pounds at 154 days 
The net effect of selection m this particular example amounts to 
2 1 minus 1 97 or a 0 13-pound mcrease in 154-day weights per 
year This is called the annual expected genetic gam It is the 
result of selecting pigs that weigh 15 pounds heavier than the 
average of their generation, when due allowance is made for 
hentabihty, generation interval, and effect of inbreeding 

The expected genetic gain per year can be expressed as the 
amount of selection {selection differential) times the accuracy 
of selection (heritability), divided by the generation interval 
From this amount is subtracted the annual decline from inbreed- 
ing Symbolically, this can be represented as follows (Fine, 
1951) 



where m « the expected genetic change per year 
8 «a the selection differential 
H » the hentabihty of the trait 
(j = the generation interval 
b = the effect of inbreeding (for each per cent) 

I = the average mcrease in inbreeding per year 
In our example this is 
/15 X 0 20\ 

^ — 1 - (3 X 0 058) = 2 1 - 1 97 = 0 13 pound 


If we now obtain a regresMOn coefficient of the average annual 
154-day weights on time we can compare it with our expected 
gam This regression coefficient is really a measure of the trend 
of the actual performance of our pigs with respect to 154-day 
weights If the ISJ-day weights have increased over the 10 years 
of our experiment, the regression coefficient will have a plus sign, 
if the 154-day weights have decreased, the sign of the regression 
will be minus 

For convenience, let it be assumed that m the above example 
t ic agreement between the expected and the actual gam was very 
good W iiat does thu mean? It means, first of all, that the 
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actual gam was as much as could be reasonably expected on 
the basis of the selection practiced It means, further, that 
through selection it was possible to inamtam the performance of 
the pigs with respect to 154-day weights and, at the same time, 
increase the genetic purity of the pigs from no inbreeding to an 
average inbreeding coefficient of 30 per cent Selection would 
indeed be effective if this could be accomplished in the short 
period of 10 years 

An average annual gam of 0 13 pound m weight at 154 days 
would probably not be perceptible Furthermore, the various 
figures that go into the computations of the expected genetic gam 
are subject to much error Methods such as the one described 
arc nevertheless very useful in appraising the effectiveness of 
selection m a general way A small but consistent gam m per- 
formance for each of the characters under selection can amount 
to considerable improvement over a period of years This is par- 
ticularly true if the gam is accompanied by genetic purification 
As stated m the previous chapter, correlation of traits under 
selection can affect the accuracy of selection If two desirable 
traits are positively correlated, selection for one will aid m selec- 
tion for the other Where a desirable character is positively cor- 
related ^sith a non-desirable one, selection will be more difficult 
Exact phenotypic and genetic correlations of various traits for 
a number of herds uill help in determining how much relative 
selection to practice for each trait Some of the present correla- 
tions will probably be changed in the process of molding new 
lines Those correlations due to plciotropy and similar effects 
will always complicate the selection process 
In some cases, it may be tliat certain superficial traits arc cor- 
related with factors of production If such correlations are rec- 
ognized, they will be of great help in selection Tins is actually 
what breeders imply when they select for t>pe m order to im- 
pro\e production Unfortun itcly many of the characters that 
arc Used to evaluate tyj>c really hive no association with per- 
formance 

Evaluation of Results. The inbred lines at Minnesota have 
re iched a fairly high degree of inbreeding The increase m the 
coefficient of inbreeding from zero to about 40 per cent implies 
a great deal of genetic purification A studv b> Fau'-ch (1953) 
of the rUation-hip between inbreeding and variability in per- 



190 Effectiveness of Selection 

formance of the Minnesota No 1 swmc showed a general tend- 
ency for increased rather than decreased vanability The tend- 
ency IS illustrated m Table XIII w ith the data on w eaning w eight 
and this is typical of birth weight, 154-day weight and fertility 

Table XIII The Relationship between Inbreeding and Varia- 
bility IN Weaning Weigut in the Foundation Herd op Minnesota 
Xo 1 Breed op Swine 


Total IVithin IVithin 
Coef Litter Litter 


Inbreeding 

Number 

Number 

Total 

of Van- 

Van- 

of Coef 

Groups 

of Litters 

of Pigs 

Vanance 

ance 

ance 

Vanance 

0-9 

16 

135 

63 

23 

32 

16 

10-19 

32 

424 

80 

27 

31 

17 

20-29 

101 

891 

69 

26 

41 

20 

30-39 

125 

1,103 

82 

29 

49 

22 

40-49 

17 

162 

93 

27 

61 

23 


The cro^hrcd progeny with the IMinnesota 'No 1 as one of the 
parental stocks showed a decrease in variability (England, 1953) 
The indications therefore are that inbreeding brought about a 
decrease in genetic variance but an increased variance in pheno- 
type because of the inbreds’ greater susceptibility to environ- 
mental changes 

R O P The Inbred Livestock Registry Association has a sys- 
tem of Record of Performance testing in swine In this scheme, 
the animals on test are rated by starring on the basis of per- 
formance Fertility, growth rate, feed efficiency, and type are 
all considered in the evaluation of the performance of tested pigs 
A minimum performance is essentia! to obtain a one-star rating 
The highest rating is a five star classification 

If this system is effective m making selections, the higher- 
starred animals should produce more starred animals than no- 
star or low star parents Furthermore, the higher-starred ani- 
mals should contribute more to the later generations of the herd 
Blackburn (1931) conducted a study along this line on Minne- 
sota Xo 1 data He found that the pigs with higher star ratings 
produced more offspring that rated stars and, also, made a 
greater contribution to the future generations of the herd The 
high-producing animals perpetuated their high production m 
future generations 
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Table XIV Contribittions to the 1951 Breeding Herd by Type 
OF Mating 


3-Star or Higher 

Star 

Star 

No Star 


X 

X 

X 

X 

Type of Mating 3-Star or Higher 

Star 

No Star 

No Star 

Number of matings 

1939-1949 

169 

255 

272 

69 

Number of contributions 

47 

60 

60 

11 

Contnbutions per 100 
matings 

27 8 

23 5 

22 1 

15 9 

Number of matings 

1944 1949 

102 

158 

176 

47 

Number of contributions 

31 

41 

39 

3 

Contributions per 100 
matings 

30 4 

25 9 

22 2 

7 0 


Some of Blackburn’s results are shown m Table XIV 
The relative contribution of the high-starred matings to future 
generations is higher than that for low-star or no-star matings 
This emphasizes the importance of record of performance testing 

APPRAISAL OF SELECTION IN DIFFERENT HERDS 

Inbred Lines from Crossbred Foundations Fine (1951) 
studied the data of the Minnesota No 1 and Minnesota No 2 
swine to determine how well the amount of selection agrees with 
the performance of these lines when due attention is given to 
heritability, length of generation, and effect of inbreeding Both 
of these lines were started from crossbred foundations The 
Minnesota No 1 was developed from a Tamworth-Landrace 
cross, the Minnesota No 2 from a Poland Chma-Yorkshirc cross 
The average amount of selection that was practiced in both 
males and females is show n m Table XV 

The expected genetic gam for each trait, along with the actual 
change per year, is show n m Tabic XSH 
From this study, Fine concluded that the expected and actual 
genetic change m the >anous traits agreed fairly well He con- 
cluded further that “election wis an important factor m the de- 
velopment of the ilinnesota No 1 and the Minnesota No 2 
sw me 
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Table XV Average Annual SELEC?noN Differentials for Minne- 
sota No 1 AND Minnesota No 2 Hogs 


Number of pjgs bom abve 
Number of pigs weaned 
Body score 
154-day weight 
Bate of gam 
Economy of feed 


Minnesota 
No 1 
0 73 pigs 
0 81 pigs 
0 61 points 
15 1 pounds 
0 13 pounds 
—81 pounds 


Minnesota 
No 2 

0 48 pigs 

1 14 pigs 

0 22 points 
10 2 pounds 
0 06 pounds 
—06 pounds 


Table XVI Actual and Expected Gain in Minnesota No 1 and 




Minnesota No 2 Hogs 




Number 

Number 

Body 

Score 

1&4 Day 
Vfaxsixt 

JUte 
of Gum 

Economy 
of Gem 


Bom 

Wttned 

PoinU 

Povuid* 

Poundt 

Pouodx 

MinnMOtk No 
ExpocUd 

1 

-0 <MI 

-0 291 

•t-0 086 

-0 333 

40 COS 

3 13 

Aetuxl 

-0 037 

-0 260 

+0 017 

-1 278 

-0 012 

1 92 

M iw«aoU No 
Expected 

3 

-0 038 

-0 208 

+0 079 

-2 824 

-0 029 

0 69 

Actuel 

-0 183 

-0 

+0 177 

4-0 826 

40 OOl 

>0 61 


Outbred Herds Damon (1951) analyzed the records of tTVO 
outbred herds of swine mamtained by the Hormel Institute at 
Austin, Minnesota Thc'se swine consisted of a Duroc herd and 
a Chester White herd The data included only the farrowing 
and weaning records The size of the selection differentials for 
the number of pigs farrowed and weaned are shown in Table 
XVII 

Table XVII Average SELEcnoN Difterentials for Nuuber of 
Pigs Farrowed and Weaned 



Chester IVhite 

Duroc 

Isumber of pigs bom alive 

1 72 

3 31 

Number of pigs weaned 

1 56 

3 00 

Weaning weight per pig pounds 

3 03 

0 70 


The nature of the data made it possible for Damon to demon- 
strate and measure a consistent upward trend m management for 
the years during which the data were gathered In his data the 
plus and minus environmental affects did not cancel each other 
Damon was able to correct for the upward trend m management 
in his calculations on expected genetic gam 
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With the same data, Damon was able to sliow that consider- 
able automatic selection was taking place for size of Utter at 
birth and at weaning He defines automatic selection as “the 
amount of selection that would occur automatically if the num- 
ber of pigs selected from each litter is proportional to the num- 
ber of pigs available in each litter ” 

The actual and automatic selection differentials for number 
farrowed and number weaned are presented in Table XVIII 


Table XVIII Actual and Automatic Selection Differentials 
Chester AVhite Duroc 


Actual Automatic 


Actual Automatic 


Number farrowed 1 72 1 00 2 56 1 15 

Number i^eaned 3 31 1 94 3 00 1 93 


When the automatic selection differentials are subtracted from 
the actual differentials, how much conscious selection was prac- 
ticed for these traits is shown 

The expected and actual changes for number of live pigs far- 
rowed and the average litter weaning weight from Damon’s data 
are presented m Table XIX The number of pigs weaned was 
strongly influenced by a disease problem m these herds, and 
these data are not included here 


Table XIX Expected and Actual Changes in Outbred Herds 


Charactenstic 

Breed 

Expected 

Change 

Actual 

Change 

Number of Uve pigs farrowed 

CW 

0 0G2 

0 089 

Number of Uve pigs farroMed 

D-J 

0 081 

0 063 

Average litter iieaning aeight 

CW 

0 141 

0 206 

Average Utter weamng weight 

D J 

0 104 

0 176 


Daraon concluded that “selection played a vital role in effect- 
ing noticeable increases on two of the three measures of sow pro- 
ductivity considered m his study ” 

Inbred Lines within a Breed Rcmpel (1952) analyzed the 
data from 8 inbred lines of Poland China swine, developed at 
Minnesota These lines were developed along with the Mm- 
ncsota No 1 and Minnesota No 2 Actually, 13 lines of Poland 
China were started m 1937 Some of these lines were culled 
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early, and dropped from the program Some of the rem lining 
lines ^\ere combined into a new line There were no introduc- 
tions from the outside into any of Uitac lines All the foundation 
animals were outbred Poland China swine The form of the 
analysis was similar to the one described earlier 

The average annual amount of selection that wras practiced is 
shown m Table XX 

Table XX Average Aswai. Sellctiov DirranESTiALS iv Imjued 
Poland Chisa Lises 

Number Sumbef Body 1M-D*y IUt« teonomy 
Bom VNeened Score Wrieht o( Gua ol Gam 
V -fO bS +0 +0 70 +17 50 +0 U -2 2 

BS-CMoma) +0 33 +0 48 +0 “0 +10 83 +0 16 

WL. +0 83 +1 01 +0 78 +10 43 +0 21 

X, +0 90 +0 56 +0 58 +14 "3 +0 11 -2 »3 

na. (Croobatoo) +1 11 +1 38 +20 85 +0 14 

ML. +0 77 +1 16 +18 40 +0 14 

B +l IS +2 33 - 2 35 - 0 02 

0 +l 17 +l 06 +17 03 +0 14 

The average annual expected and actual gains are presented 
m Table XXI 

The actual and expected changes in performance for these 
inbred hoes is m fairly close agreement for all charactenstics 
considered, except 154-day weights This trait ‘•hows a ehght, 
but consistent, negative expected change Actually the hne» 
showed a small but consistent positive change The reason for 
this apparent discrepancy is a too severe allowance for the effect 
of inbreeding on 154 day weights When this is taken into ac- 
count, the data show that the actual gam achieved corresponds 
with that which should be expected on the basis of the amount of 
selection practiced 

The last three studies mentioned all show that ^election is effec- 
tive m maintaining performance It is important to note that in 
both the lines from crossbred foundations and the Imea from 
within a breed the genetic ^in corresponded to the amount of 
selection practiced 

The size of the selection differentials in the outbred herds was 
relatively large for several reasons With no inbreeding, the 
amount of variability m these herds should be greater Sec- 
ondly, the number of pigs m these outbred herds was much larger 
than in any one of the inbred lines The gam achieved in out- 
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bred herds will, however, be more easily dissipated than that 
made m mbred lines The gam achieved in inbred lines is 
achieved along witli punfication, and is, therefore, of a more 
stable nature 

The level of perfonnance m all the inbred lines studied at 
Minnesota has been fairly well maintained Tins level of per- 
formance IS much higher, however, for those lines that were 
started from crossbred foundations It appears that high-pcr- 
forraing inbred lines can be more readily obtained by starting 
from a croasbred foundation than by starting lines within a 
breed Inbred lines will transmit their pcrfomiing ability with 
more regularity than oulbrcil slock In outbred stock, the gams 
from selection will be lost very rapidly, once selection is relaxed 
This IS true for inbred lines as well, but to a lesser degree, as a 
result of the homozygosity achieved from inbreeding 
The preceding remarks arc based on results with swine The 
general principles apply equally well to other classes of stock 
It should bo borne m mind, however, that the effectiveness of 
selection will be rclativcl> less for classes of stock that produce 
relatively fewer young The length of generation will also affect 
progress from selection The exact methods to employ will vary 
with the class of livestock 

Summary. Breeders cannot afford to keep livestock without 
selection, or with selection for low performance, just to test the 
effectiveness of selection The effectiveness of selection can be 
evaluated, however, by comparing the gain expected on the basis 
of the amount of selection (with due regard to hontabihty, gen- 
eration interval, and effect of inbreeding) with the actual trend 
of performance over a period of time The time must be a suf- 
ficient number of years to allow year-to-year differences to can- 
cel each other 

The studies of selection presented show that the actual and 
expected changes are in close agreement for the herds studied 
The studies show that selection la an effective agent m the devel- 
opment of mbred lines within a breed, and in lines from a cross- 
bred foundation Selection is also effective in bringing about 
changes in outbred stock, but the changes are probably of a less 
permanent nature than those in inbred lines 

Results have been presented to show that the performance 
of mbred lines has been fairly well maintained while a great deal 
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of purification has been achieved. The purification is manifested 
by a reduction in variability. 

The analysis of R.O.P. data shows that the higher-rated ani- 
mals, on the performance basis, produce more high-performing 
offspring, and contribute more to future generations than the 
animals with a lower performance rating. 



CHAPTER XIII 


Inbreeding 

Inbreeding may be defined as the mating of mduiduals more 
closely related than the average of their breed or the population 
concerned It la clear, lliercforc, tliat inbreeding may \ary 
greatly in intensity — from the mating of individuals that are 
only slightly related to the mating of those as closely related 
as sire and daughter or full brother and full sister In contrast 
outbreeding is the mating of individuals Ic's closely related than 
the average of their breed or the population concerned 
It IS unsatisfactory to define inbreeding as tlic mating of re- 
lated individuals because all animals that can be mated have 
some common relationship The degree of relationship for in- 
breeding may vary greatly The degree of relationship depends 
upon the number of genes possessed m common by the t^o ani- 
mals that are mated It is likely that in the mating of a maro 
to a jack the number of genes common to tlie tno parents is 
not large, comparatively speaking The number of genes com- 
mon to both parents may bo expected to increase progressively, 
from the mare-jack mating, in the following types of matings 
Clydesdale to Belgian, Clydesdale to Clydesdale, two Clydes- 
dales belonging to the same family, and finally two Clydesdales 
that are brother and sister The expected genetic width between 
matings is given below with the closest at the top 
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At the time of fertilization each of the genes contributed by 
tlie dam is paired with a gene from the sire The members of a 
given gene pair may be alike, so that the individual is pure or 
homozygous for that gene pair, or they may be unlike so that the 
individual is impure or heterozygous for that gene pair This 
situation IS extended to the many gene pairs involved Every 
mating is therefore fundamentally a mixture of the essentials 
of both inbreeding and crossbreeding, because gene pairings at 
the time of fertilization include genes that are alike and genes 
that are unlike 

The mating of related individuals increases the pairing of like 
genes The closer the mating and the more often the inbreeding 
IS continued m successive generations, the higher imU be the de- 
gree of genetic purity attained 

General Effects of Inbreeding Since inbreeding by promot- 
ing the pairing of similar genes increases the likelihood that the 
new individual will inherit similar traits from its two parents, 
genetic purity is promoted Naturally, the closer the mating and 
the longer the practice is continued in successive generations, the 
greater will be the degree of purification 
Since inbreeding increases the likelihood of similar genes be- 
coming paired, it reduces the percentage of heterozygosis In- 
breeding necessarily promotes the segregation of types, especially 
during the first one or two generations after a cross The 
principle is illustrated simply by the dibybnd ratio a cross of 
.4/166 X oaB/3 in the Fa generation yields the phenotypic ratio 
94.B to ZAb to SaB to lab Ab and aB ate parental types, AB 
and ab arc new types brought out by the segregation In prac- 
tice many gene loci with their accompanying allelomorphic senes 
arc in\ohed An mdiMdual can possess only two genes and a 
gamete one gene of any particular senes If a given breed 
possQsacs the alltlomorphic scries A, A-, A^, A*, an in- 
dividual belonging to the breed can possess only two of the 
genes, let us assume tlioy arc A 1' ^\llen this individual pro- 
duces genn cells cither A or A* is put into each of the germ cells 
Let us assume that tlic A 4* individual is a male and sires man> 
offspring When lus off-pnng are interbred tlic chances that anj 
one individual will receive tv»o A's or two .l'’s is greatly in- 
cr<.aj<c<l, and thus the entire population of dc'^cendants will rc- 
ftive more I and A* gtnes than w common to the hrec<l as a 
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whole Inbreeding therefore automatically decreases the number 
of genes of any and all allelomorphic senes that become incor- 
porated m the inbred strain or family By the above process the 
percentage of homozygotic genes is automatically increased 
Increased genetic purification has the automatic effect of gen- 
erally bringing about an over-all reduction m vigor The ex- 
planation for this rests in the causes of hybrid vigor (Chapter 
XIV) , inbreeding may be called crossbreeding in reverse As 
crossbreeding has the general effect of stimulating vigor, so in- 
breeding naturally has the opposite effect Inbreeding auto- 
matically induces purification for both the more desirable and 
the le«s desirable genes Because of the complications of linkage 
in many instances some of the more desirable and the less desir- 
able genes are closely linked Such linkage m it&elf, even with 
rigorous selection, is sufficient to cause a general reduction m 
vigor It IS accentuated by loss of the factors responsible for hy- 
brid vigor, such as dominance and, m some cases, gene interaction 
Practical breeders have often been disappointed with inbreed- 
ing because they seldom obtain as desirable animals from the 
practice as from outbreeding The point often missed is that, 
although It IS highly desirable to ha\c inbred lines as desirable 
in phenotype as possible, inbreds should be appraised primarily 
by genotype Inbreeding is a tool to be used primarily for the 
building of desirable genotypes, whereas crossbreeding is of spe- 
cial use in the building of desirable phenotypes {Under cer- 
tain conditions crossbreeding may als) be used to build more 
desirable genotypes ) In the years ahead li\estock breeders are 
going to appreciate more and more the difference between geno- 
type and phenotype 

Reasons for Inbreeding The three basic reasons for in- 
breeding are 

1 To promote genetic punty and thereby increase prepotency 

2 To bring undesirable recessives to light and gi\e the breeder 
the opportunity of culling them from the stock 

3 To promote the sorting of highly heterogeneous genetic ma- 
terials into various gene complexes, which will thereby allow for 
more effective selection for desirable gene complexes 

The closebred animal is expected to be the prepotent one, 
because it is more nearly homozygous The animal that pos- 
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sesses the higher degree of liomozygosity by necessity produces 
germ cells more uniform in genetic constitution It is possible 
that a elosebred animal may be homozygous for a large number 
of recessive characters If such an animal is mated to an indi- 
vidual possessed of a large number of dominant characters, for 
which it may be rather heterozygous, the latter individual will 
appear as prepotent as, or even more prepotent than, the former 
This, however, cannot usually be expected to occur, because m 
general it is believed that the more desirable characters are 
stimulated by dominant genes, and, if the inbreeding is accom- 
panied by a rigorous program of selection, it is likely that more 
dominant than recessive genes will have been made homozygous 

Prepotency is a valuable as‘?et to an individual, a line, and a 
breed Inbreeding helps to build prepotency In livestock breed- 
ing inbreeding has not been used extensively in the past for the 
development of prepotency, but we may expect that it will be 
used much more for that purpose m the future 

The first and foremost reason for inbreeding is the purification 
of the bloodlines Continued inbreeding when supplemented by 
rigid selection is the quickest and surest method of fixing and 
perpetuating a desirable character or group of cliaracters Dur- 
ing recent years inbreeding has been used to develop definite in- 
bred lines which are more nearly homozygous than existing lines, 
With the expectation that some of the lines will cross to ad- 
vantage It IS also hoped that the inbred lines will be sufficiently 
purified to produce a consistent amount of advantage from cross- 
ing This approach may be considered an experiment to find a 
definite method by which inbreeding can be used in constructive 
animal breeding It is essentially a copy, with some modifica- 
tions, of the inetliod that has been used with so much success in 
com breeding 

Some of tlio old breeders used inbreeding for the \cry purposes 
gi\en above Bakewcll, the Colling brothers, and Bates, among 
others, used inbreeding for purposes of purification before the 
science of genetics was known They had no means of knowing 
that inbreeding induced a higher degree of homozjgosis, but by 
experience they learned that inbreeding increased tlic purity of 
tlie stock ‘•o produced 

Other breeders haxe practiced inbreeding (usuall> not close) 
witli the perpetuating of the breeding of a certain indmdua! aa 
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the objective By this type of mating an attempt was made to 
retain a high degree of relationship to a certain outstanding in- 
dividual This type of breeding is illustrated in Fig 60 By 
this type of mating the degree of relationship retained is usually 
not especially large It will not build a high degree ol homo- 
zygosity, but it may matcnally change the gene frequency It 
has the general effect of holding variation m check since no vio- 
lent outcross 15 introduced 


Fairholm 

Footpnat 

17584 


'Dunure FootpnaC 
1 (15203) 


[Baron of Bucklyne 
(11263) 


Baron’s Pnde 
(9122) 


Dunure Ideal 
(21283) 


Hamestoua Baroness I 
L (27080) 


Baron’s Pnde 
(9122) 


Fia 60 The pedigree of Fairboiin Footpnat 17584 ao illustration of in- 
breeding m practice 


Another reason that led some breeders to inbreeding vias that 
ID the development of certain breeds it has liappcned that some 
breeder 'nas so far advanced o\er other breeders that for him to 
go outside for breeding animals would ha\e been a step back- 
ward Cruickshank and Gudgell and Simpson are reputed to 
have practiced inbreeding for this reason rather than because 
they believed in inbreeding as a tool in animal improvement 
Inbreeding and its accompanying promotion of genetic purity 
automatically brmg undesirable recessive genes into view The 
breeder is then offered tJie opportunity of culling these genes 
from his breeding stock Culling of the individuals that exhibit 
the character produced as a result of the homozygous state for 
the recessive gene or genes is not sufficient to make any major 
contribution to livestock improvement It is the parents of such 
individuals that mu^t be culled These are the individuals carry- 
ing the undesirable gene in a heterozygous condition , hence, the 
genes pa=s unrecognized except through a breeding test 
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There can bo no question but that some improvement can be 
made in livestock by ridding the breeds of undesirable recessives 
It does not appear, hoivever. that this will prove as effectue as 
was once generally assumed On the basis of what is now known 
regarding genic interaction, it is entirely possible that some genes 
that by themselves in a homozygous state produce less desirable 
results than other genes in a homozygous state may be extremely 
useful when m a heterozygous condition However, some very 
undesirable characteristics arise from the homozygous state of 
one or tw o pairs of genes The elimination of genes of this type 
from a herd or breed would certainly be of material advantage 
Lethals and sub-lethals are discussed in Chapter IX It is not 
likely that all lethals could be eliminated by the simple process 
of inbreeding and culling individuals that possess the undesirable 
gene in both the homozygous and heterozygous state It is en- 
tirely possible that some lethal and sub-lethal conditions are the 
result of gene interaction Nevertheless, it is quite clear that a 
great deal of improi eiiient could be made by a thorough cleans- 
ing of oui stocks of many undesirable genes Inbreeding is a 


means of promoting this process 

Not much has been stated or written about the third reason 
given above for inbreeding, to promote the sorting of genetic 
material into various gene complexes, namely, planned or arti- 
ficially induced segregation In the author's opinion this may 
well prove to be a major benefit from mbreeding This is an 
advantage of special significance when the breeder starts from 
a rather highly heterozygous population 

Inbreeding automatically reduces the size of the various allelo- 
morphic series included in the original population to be inbred, 
and at the same time, particularly if the inbreeding is somewhat 
mild It promotes the grouping of the different genetic materials 
into ’varied gone complexes On the basis of what is becoming 
known regarding gene interaction, it appears that more attention 
needs to be given to gene complex action than has been done 
m the past Regardless of wlictlicr the breeder realizes it or not, 
the selection of indliiduals for bis breeding herd always results 
in the selection of gene complexes In view of what is becom- 
ing known today, regarding balanecd heterozygous states, and 
the fact that natural selection favors the heterozygote, it appears 
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the obiective By this type of mating an attempt was made to 
retam a high degree of relationship te a certain 
dividual This type of breeding is illustrated in Fig bO By 
this type of mating the degree of relafaonsliip retained is u^y 
not especially large It will not build a high dope of homo 
zygosity, but it may materially change the gene frequency 
has the general effect of holding variation in check since no vio- 
lent Qutcross is introduced 

I Baroo’s Pnde 
(9122) 

' {11263) 


■Dunure Footprint 
' (15203) 


Fairholm 

Footprint 

17584 


I Dunure Idenl 
(21283) 


Fio 


I Bsroa’s Pnde 
(9122) 

, (27086) 

The pedigree of Fairholm Footprint 17584 an illustration of in- 
breeding m practice 


Another reason that led some breeders to inbreeding was that 
in the development of certain breeds it has happened that some 
breeder was so far advanced over other breeders that for him to 
go outside for breeding animals \%ould have been a step back- 
ward Cruickshank and Gudgell and Simpson are reputed to 
have practiced inbreeding for this reason rather than because 
they believed in inbreeding as a tool in animal improvement 
Inbreeding and its accompanying promotion of genetic purity 
automatically bring undesirable recessive genes into view The 
breeder is then offered the opportunity of culling the^e genes 
from his breeding stock Cullmg of the individuals that exhibit 
the character produced as a re«ult of the homozygous state for 
the recessive gene or genes is not sufficient to make any major 
contribution to livestock improvement It is the parents of such 
indiv iduals that must be culled Tliese are the individuals carry- 
ing the undesirable gene m a heterozygous condition, hence, the 
genes pass unrecognized except through a breeding test 
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There can be no question but that some improvement can be 
made in hvesstock by ridding the breeds of undesirable recessives 
It does not appear, however, that this will prove as effective as 
was once generally assumed On the basis of what is now known 
regarding genic interaction, it is entirely possible that some genes 
that by themselves m a homozygous state produce less desirable 
results than other genes in a homozygous state may be extremely 
useful when m a heterozygous condition However, some very 
undesirable characteristics arise from the homozygous state of 
one or two pairs of genes The elimination of genes of this type 
from a herd or breed would certainly be of material ad\antage 
Lethals and sub-Iethals arc discussed in Chapter IX It is not 
likely that all lethals could be eliminated by the simple process 
of inbreeding and culling individuals that possess the undesirable 
gene in both the homozygous and heterozygous state It is en- 
tirely possible that some lethal and sub-lethal conditions are the 
result of gene interaction Nevertheless, it is quite clear that a 
great deal of improvement could be made by a thorough cleans- 
ing of our stocks of many undesirable genes Inbreeding is a 
means of promoting this procc&s 
Not much has been stated or written about the third reason 
given above for inbreeding, to promote the sorting of genetic 
material into various gene complexes, namely, planned or arti- 
ficially induced segregation In the author’s opinion, this may 
well prove to be a major benefit from inbreeding This is an 
advantage of special significance when the breeder starts from 
a ratiier highly heterozygous population 
Inbreeding automatically reduces the size of the vanous allelo- 
morphic series included in tlie original population to be inbred, 
and, at the same time, particularly if the inbreeding is somewhat 
mild, it promotes the grouping of the different genetic materials 
into varied gene complexes On the basis of what is becoming 
known regarding gene interaction, it appears that more attention 
needs to be given to gene complex action than has been done 
in the past Regardless of whether the breeder realizes it or not, 
the selection of individuals for his breeding herd always results 
m the selection of gene complexes In view of what is bccoin- 
mg known today, regarding balanced heterozygous states, and 
the fact that natural selection favors the heterozjgotc, it appears 
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possible that mbrcd lines of livestock which possess only a rela- 
tively low degree of inbreeding may prove more useful to the 
livestock industry than the more highly purified lines It is en- 
tirely possible that a relatively low degree of inbreeding (30 to 
40 per cent) when accompanied by a rigorous system of selection 
may give sufficient purity to allow enough uniformity of both 
phenotype and genotype for practical purposes At the same 
time inbreeding may actually aid in tlie development of enough 
balanced heterozygosity to be helpful m the maintenance of the 
line or family being developed 

Regardless of the above proposed possibility, there is no ques- 
tion but that inbreeding from a heterozygous base does promote 
the regrouping of genetic materials The regrouping results in 
breaking up old gene complexes and the development of new gene 
groupings Tins, in turn, offers the breeder the opportunity of 
more effective selection 

Kinds of Inbreeding. Actually there is only one kind of in- 
breeding, but it may vary widely m the degree of intensity In 
practice, howev er, liv e«tock breeders frequently differentiate be- 
tween inbreeding and linebrcedmg By hnebreedmg the breeder 
has in mind the mating of animals not closely related, for ex- 
ample, the mating of cousins or of grandparent and grandoff- 
spnng The livestock breeder usually Imebrecds in order to re- 
tain a higher degree of relationship to a certain individual By 
so doing he is attempting to hedge on the future In the end, 
however, so-called hnebreedmg is merely a mild form of in- 
breeding, and all inbreeding is of necessity hnebreedmg In- 
breeding automatically reduces the number of ancestors, but it 
cannot change the number of ancestral places, thus, as a certain 
ancestor comes to fill several ancestral places, the descendants 
are hnebred to this ancestor 

Linebrcedmg also \ancs in its degree of intensity The pedi- 
gree of Beau Blanchard (Fig 61), which was the result of using 
a half nephew, Beau Mischief, on lus half aunt, Blanche 23d, 
is a good illustration of imebreedmg Six of Beau Blanchard’s 
eight great-grandsircs either are or trace to Anxiety 4th If con- 
tinuous outcrossing had been followed, Beau Blanchard would on 
the average have retained only about a 3 per cent relationship 
to Anxiety 4th By the method of linebreeding followed, Beau 
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Blanchard retained a relationship “> 

per cent He was about as closely related to Anxiety 4th as a 
gldson, even though he was four, five, and six generations 

fDon Carlos 33734 
fBeauBnimmel j 


Beau 

Mischief 

268371 


Beau 
Blanchard 
362904 


Beau 

President 

171340 


51817 


I Pretty L 25th 
121411 


Ijamphghter 

51834 


Mischievous 

7175S 


BeUo 24629 

Lamphghter 51834 

Pretty L 16th 
. 56707 

Don Carlos 33734 


Lady Bird 3d 
31101 

Silvester 11123 


Miss CbaxmiDg 
4th 33752 


Beau 

Brummel 

51817 


Blandie 

23d 

1144623 


Blanche 5th 
46S10 


Don Carlos 
33734 


BcUe 24620 


Don Quixote 
37205 


Blanche 2d 
. 33033 


Miss Charming 
11081 

Anxiety 4th 9904 

9th 6932 

North Pole 8946 

Beau Ideal Sth 
9949 

Anxiety 4th 9904 
.Dowager 6th 6932 
Don Juan 11069 

^Blanche 11091 

V. , t Tipnu Blanchard 362904 an illustration of close Imc- 

Flo 61 Pedigree of neau 
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The actual amount of punflcation achieved by the inbreeding 
of Beau Blanchard probably was not great because he earned a 
coefficient of inbreeding of only about 11 per cent As a result 
of the inbreeding practiced the heterozygosity was decreased 
about 11 per cent 

The pedigree of Prince Rupert 29th (Fig 62) is a type that is 
usually called linebreeding, although the amount of inbreeding 
IS very slight Linebreeding no closer than this has practically 
no effect on the homozygosity of the stock 


Pnnee Rupert 
29th 325576 


Pnnee Rupert 8th 
J42701 


Pnnee Rupert 
79539 


Elena 2d of Pmc 
Park 51155 


Rowland Queen 
, 150144 


Beau Rowland 
102767 

Ethd2d 120541 


f Beau Donald 58996 
Isallie Morton 44785 
[Earl of S 9th 16900 
[Elena 6tb 27141 
I Beau Brutamel 51817 
1 Rosabella 3d 66689 
(Grove Wilton 61811 


[Ethel 61810 

Flo 62 Pedigree of Pnnee Rupert 29th an illustration of difuse line- 
breeding 


The accompanying illustrations ‘fho%v that in practice line- 
breedmg takes on various forms It can readily be seen that 
these would result from the matings of cousins half cousins half 
uncle and niece, granddaughter and grandsire double grandsons 
and granddams, and so on If any real distinction is to be made 
betw cen linebreeding and inbreeding it can be made best on the 
basis of objects c As a rule the breeder who as he says ‘ line- 
breeds but does not inbrced is attempting to retain a higher 
relationship to a certain individual or individuals than would 
result from outcrocving 

By inbreeding the breeder usually implies a clo«e mating such 
05 the mating of full brother and si«ter parent and of[«pnng, or 
half brother and sister V difficulty in di«tinguishing between 
linebreeding and inbreeding on the basis of degree of closeness 
IS in deciding the proper point of division Another difficulty is 



213 


The Measure of Inbreeding 

that if the distinction is made and hnebreeding is continued per- 
sistently it may eventually cross the borderline in degree of 
closeness and become inbreeding 
Smce hnebreeding is of necessity inbreeding and inbreeding is 
of necessity linebreeding they should be thought of as one proc- 
ess, namely, inbreeding which vanes in its degree of intensity 
The Measure of Inbreeding Both breeders and scientists 
have made various attempts to measure the intensity of inbreed- 
ing produced by different systems of matings The result has 
been that various formulae have been put forward, none of 
which, however, was an accurate measure until Wright gave us 
hia coefficient of inbreeding/ As stated by Wright (1922), “An 
inbreeding coefficient to be of most value should measure as di- 
rectly as possible the effects to be expected on the average from 
the system of mating m the given pedigree “ The effects of in- 
breeding are the fixation of characters and increased prepotency, 
these are in direct proportion to the percentage of homozygosis, 
the percentage of Iiomozygosis is in direct proportion to the de- 
gree of inbreeding Thus calculating the percentage of homozy- 
gosia that on the average is ill follow from a given system of mat- 
ing gives the most natural coefficient of inbreeding 
On the assumption that we are starting with a random-bred 
stock that is 50 per cent heterozygous, Fig 63 illustrates the de- 
crease in heterozygosis in successive generations of inbreeding 
according to various systems of mating Although Fig 63 was 
obtained by tbeoretjcal analysis, it coincides nicely witli Wright’s 
experimental results, as measured by the decline m vigor, from 
inbreeding a random-bred stock of guinea pigs 
The coefficient of inbreeding is the expected departure from the 
heterozygosity prevailing at the onset of the inbreeding 
The sire and dam of the inbred individual have a common 
ancestor or ancestors The summation of the coefficients for 
every Ime by which the parents are connected gives the coeffi- 
cient of inbreeding of the individual in question Each line is 
traced back from the sire to a common ancestor and then for- 
ward to the dam It passes through no individual more than 
once, but the same ancestors may occur in more than one line 
In a textbook of this kind the reader is interested m the appli- 
cation of the coefficient of inbreeding rather than the mathe- 
matical deductions by which it la derived He should, however, 
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eration removed; n and tC are therefore 2 and 1, respectively. 
The formula is expanded as follows. 

+ Pa) = 

(i)^+*-^*(i + o) = 

(i)*(I) = 0 0625 

Royal Duke of Gloster is also tno generations removed from 
Champion of England through his dam; hence there is a second 
tie, due to Champion of England, between the pedigrees of the 
sire and dam The inbreeding due to Lord Raglan is w orked out 


Favonte (252) 


Botmgbroke 

(S6) 


Comet (155) 


Favorite 

(252) 


•Young Fbo«nu( 


Foljambe 

(263) 

B. Barker’s 
bull (52) 
Haugbtoa 

Young 

^ Strawberry 

Dalton Duke 
(18S) 
Favonte 
(cow) 

Foljambe 

(263) 

R. Barker’s 
buU (52) 
Haugbton 

Favonte 
. (cow) 

Alcock’s bull 

(19) 

Boluigbroke 

(SC) 

Foljambe 

(263) 

koung 

Strswbeny 

Ipboemx 

Fohambe 

(263) 

Faionte 

(cow) 

Foljambe 

(203) 

IlL Barker’s 
bull (52) 
[llaugbtoD 

FaTOnte 
. (cow) 

fAIcock’abuU 

1 (19) 


TLo pcdjgrte of the Sborlhom bull, Comet. 
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m like manner The total is added, m this case it is 0 140625, 
and it represents the coefficient of inbreeding of Roan Gauntlet 
The pedigree of Comet furnishes an illustration of closer in- 
breeding (Fig 65) His sire, Favorite, was also inbred, hence 
the coefficient of inbreeding for ra\orite must first be worked 
out By the application of tlie same formula and as already ex- 
plained, the coefficients of inbreeding of both Comet and his sire 
Favorite are arrived at as shown in Table XXIII 

Table XXIII Deriving the Coefficient op Inbreeding of the 
Shorthorn Bull Comet (115) 

(After Wnght Amcrtcan Naturalist) 


Common Ancestors 


Individual 

of Sire and Dam 

Fa 

n 

n 

{i)«-H. +1(1 

Favonto (252) 

Foljambo (263) 

0 

1 

1 

0 1250 


Favonto (cow) 

0 

2 

1 

0 0625 






0 1875 

Comet (115) 

Favonto (252) 

0 1875 

0 

1 

0 2969 


Pboemx 

0 

1 

1 

0 1250 


Foljambe 

0 

2 

2 

0 0312 


Favonto (cow) 

0 

3 

2 

0 0156 


0 4687 

The coefficient of inbreeding for Comet is much higher than 
that obtained for Roan Gauntlet In this case the pedigree of 
Comet 18 extended to only the fourth generation, if it is carried 
to the beginning of the herdbook the coefficient of inbreeding for 
Tuorite becomes 0192 rather than 0188 In general remote 
common ancestors have little effect on the coefficient of in- 
breeding 

The Measure of Relationship A measure of relationship is 
valuable beciusc tlirough it wc may obtain an index of tlie de- 
gree of relationship that exists between two individuals or be- 
tween a group of individual's The two mdixicluals may liave 
the bamc coefficient of inbreeding but not be related The for- 
mula for arriving at the coefficient of relationship of two indi- 
viduals IS 
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bear in mind that the formula was arrived at by consideration of 
the percentage of departure from the number of homozygous fac- 
tors m the random-bred stock in the direction of complete homo- 
zygosis. 


I 30 
£ 20 


Generation 

Fio 63 The decrciise m heteroeygosis m successive geseratioos of inbreed- 
ing according to vanoua systems of matmg (After Wright, V£I>-A. 
BulUltn JJSI ) 

The formula for obtaining the coefficient of inbreeding is 

+ F^)} 

in which and Fa. are the coefficients for the individual and the 
common ancestor, respectively, and n and n' are the number of 
generations between the coinmon ancestor and the sire and dam, 
respectively. 

The formula may now be applied (Table XXII) to the pedi- 
gree of Roan Gauntlet (Fig 64) Roan Gauntlet traces twice to 

Table XXII Debivino the Coefficient of Inbreeding of 
Roan Gauntlet, 45276 
(After Wngbt, Ammcan Naiuralisl) 

CoQuaoa Ancestora 

ladivtdual of Sire and Dam Fa n n' + Fa) 

Roan Gauntlet Champion of England 0 2 1 0 062500 

45276 (352S4) (17526) 2 0 062500 

Lord Ragland (13244) 0 3 3 0 007812 

3 0.007813 



0.140625 
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Champion of England through his sire and once through his dam 
He also tiaces twice through his sire and once through his dam 
to Lord Raglan For illustration, it is assumed that Champion 


Royal Duke 
of Gloster 
20901 
(29864) 


Grand Duke 
of Glosler 
19900 
(26288) 


JVlunulua 


Champion of 
England 
(17626) 


Duchess of 
Gloster 9th 


Lancaster 

Comet 

(11663) 

Virtue 

Lord Raglan 
(13244) 
Duchess of 
Gloster 6th 


{ Lancaster 
Comet 
(11663) 
Virtue 


Roan Gauntlet 
45376 
(35284) 


Mistletoe 


Lord Raglan 
(13244) 
Maidstone 


Fnncess 

Royal 


Champion of 
England 
(17526) 


Lancaster 

Comet 

(11663) 


Virtue 


L Carmine 


The Czar 
(20947) 

Cressida 


The Queens 
Roan 
(7389) 

Flantagenet 

(11906) 

Verdant 

Lord Raglan 
(13244) 
Conanda 

John Bull 
(13618) 
Clipper 


Ha 64 The pedigree of tlie Shortliora bull Roan Gauntlet 


of England and Lord Raglan are not inbred nor related to one 
another F^, the coefficient for the individual, is therefore 0 m 
^he case of Champion of England The sire, Royal Duke of 
Gloster, IS tuo generations removed from Champion of England 
on his sire s side and the dam Pnnee-'s Royal, is only one gcp- 
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(1 + 


^ Vci + ^ 

In this sase A represents a common ancestor, I and y «« 
individuals ivhose relationship me nish to “ 

number of generations the individuals hy which x a V, 
snectaely, arc removed from the common ancestor, and fa, f r, 
and F, the coefficients of inbreeding of A, x, and y, respec lie y 
The formula for arming at the coefficient of relationship be- 
tween the sire and dam o£ Uie individual x is 


2Fr 


If full brother and sister are mated, by substitution the formula 
becomes 


Rsd 


2(25 per cent) ^ ^ ^ 5P 
V(1 +0)(H-0) VI 


Table XXIV The Coefficients op Inbreeding and Relationship 
Obtained from Different Systems of Mating 
(From data by Wnght, Jouraol oj Heredtlv) 


Type of Mating 

Ft 

Per 

Cent 

Hsn, 

Per 

Cfent 

RtAi 

Per 

Cent 

Nephew and aunt (haU) 

6 25 

12 5 

36 4 

Half brother and sister 

12 5 

25 0 

47 1 

Full brother and sister 

25 0 

50 0 

44 7 

Tw o generations of full brother and sister 

37 5 

GO 0 

42 7 

Three generaUona of full brother and sister 

50 0 

72 7 

40 8 


Ft represents the coefBcient of inbreeding of the individual 
7250 represents the relationship between sire and dam 
^xA represents the relationship between the individual and one of the 
common ancestois grandsirc, great-g;randstre, etc , to which the inbrcedmg 
IS due 


Application of the Coefficients Neither of the coefficients 
is absolute, but they are rclati\c measures In inbreeding, the 
coefficient measures the probable snnilanty of the germ cells 
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which united to produce the individual; and in relationship, it 
measures the probable similarity of the genetic constitutions of 
the two individuals 

The particular use of these coefficients is for the study of 
breeds and lines within a breed By them the student can ana- 
lyze and compare individuals, groups, and breeds for the part 
inbreeding has played m their respective developments It also 
gives some idea of the degree of homozygosity to be expected 
Teachers of animal breeding and breed liistory may give their 
students many useful exercises working out coefficients of in- 
breeding and relationship As a rule one finds that the animal 
in question is not nearly so highly inbred as is generally thought 
Calculating Coefficients by the Approximate Method. To 
write the complete pedigree and work out the full coefficient of 
inbreeding for a group of individuals of the older breeds is a long 
and tedious task Wright and McPhee (1925) developed an 
approximate method by tvhich much of the detail is avoided 
The method is quite accurate for a large group but valueless for 
individuals The method involves use of two-column pedigrees 
The sire and dam are both recorded, and each of their ancestral 
lines are run back in single pedigree lines The choice of sire or 
dam, in each case, is determined by com tossing, if heads turn 
up the sire is taken, and if tails the dam 
To calculate the coefficient of a tuo-pedigree sample, it is 
necessary to note only that there ib a tie, the number of gen- 
erations to the closest common ancestor need not be counted 
The coefficient then becomes either 50 per cent or 0, according 
to whetlier a tic does or docs not occur The t^^o-sampIe pedi- 
gree determination of the coefficient of inbreeding for the indi- 
vidual means practically nothing, but for a group it is nearly 
as accurate as the more detailed method For example, if 100 
b\o-coluinn pedigrees are tabulated in winch 50 sljm\ a tio and 
50 do not, the average inbreeding foi the group becomes 50 X 0 50 
or 025 per cent 

The probable error is calculated by the formula 

fm 

\N 


Ep=^ 0 6745 
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^here N = the number of cases, p = the observed chance occur- 
rence of a t.e, and ,= (!-?). the chance of non-occurrence 
In the case given 


fj. = 0 6745 




50 X 0 50 


100 


= 0 0337 


But since 50 per cent of the tics correspond to an inbreeding 
coefficient of 25 per cent, the probable error must be rated down, 
proportionately, it becomes 1 685 per cent 

As already noted, the above shortened method is of little value 
in determining the coefficient of inbreeding for a particular indi- 
vidual It may, however, be used with a reasonable expectation 
of accuracy if the pedigree is tabulated for five generations and 
if each of the 32 lines is followed to the foundation stock by the 
random method already given In this instance, since there are 
16 random lines back of both the sire and the dam, there are 25b 
tabulated pairs of lines to be considered for possible ties The 
contribution assigned to a lie in the random part of the pedigree 
for a pedigree which is complete for k generations beyond the 
parents is + Fa) If ^ is 4, as recommended, the for- 

mula becomes 

If the tie occurs between the complete portion of the pedigree 
on one side and the random portion on the other, the formula 
(%)"+‘+i(l + fj) IS used Where the tie occurs in the com- 
plete portion of the pedigree on both Bides, the usual formula 
(^)"+»+»(l + Fa) is used 

The coefficient of relationship is also calculated readily by the 
shortened method A tie between single random lines back of 
the two animals in question, X and Y, giv es a coefficient of 


1 + Fa 

V(r+n)(i +7\) 

A tie between two-column pedigrees contributes 

2 L(1 -1- f.Ki + J 

to the coefficient , m like manner a tie in four-column pedigrees 
contributes 
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The shortened methods eliminate much detailed work The 
degree of accuracy has been checked by Wright and McPhee, 
the coefficient of inbreeding of the 64 Bates Duchess Shorthorns 
IS 40 9 per cent from the complete pedigrees and 42 2 per cent 
from the random samples of four-column pedigrees 

The Practice of Inbreeding In general it may be said that 
inbreeding has a rather poor reputation Apparently it has long 
been in ill repute, if we may judge from the writings of Aristotle 
It has been reported that the Arabs inbred their horses very 
extensively If we are to accept Ridgeway’s opinions regarding 
the Arab’s art and knowledge of animal breeding, we must con- 
clude that the Arab inbred his horses because of indolence and 
lethargy rather than because of comprehension, and we must 
further conclude that few or no bad results accompanied the 
practice, because he happened to possess a very pure and high- 
grade strain of horses However, no attempt to answer it will 
be made here, possibly no entirely satisfactory answer ever will 
be made 

Regarding the general practice of inbreeding it is known that 
the earlier breeders practiced inbreeding to a much greater ex- 
tent than it IS practiced today Robert Bakewell in the eight- 
eenth century demonstrated that inbreeding could be used effec- 
tively to improve livestock Practically every breed of livestock 
was founded, and the type fixed, by some closebreeding 

The early Shorthorn breeders, the Colling brothers, Thomas 
Bates, and the Booths, all practiced closebreeding very exten- 
sively The pedigree (Fig 65) of the bull Comet (155), which 
at public auction sold for $5,000, the record price up to that 
tunc, IS a good illustration of the continued inbreeding fre- 
quently practiced by Charles Colling Even Amos Cruickshank, 
who for twenty-five years had combed the British Isles for suit- 
able bulls, was finally forced to inbrced, he used one of his own 
products, Champion of England (17526) by Lancaster Comet 
(4663) It IS generally held by those most familiar with Jus work 
that he would haNC realized Ins ambitions earlier had he re- 
sorted sooner to the u«c of bis own bulls At first Cruickshank 
was cautious about inbreeding, but, once satisfied tliat he was 
on the right track, he did not deviate from the new path He 
was very careful, however, in hia selection, regarding both m- 
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dividuahty and ancestry A good example of his free breeding 
back to the Champion of England is furnished in the pedigree 
of Roan Gauntlet (35284) (Fig 64), which proved to be the 
most famous of his later-day stock bulls 

I\Iany of the early Hereford breeders, and especially John 
Price, practiced inbreeding, as did the early Shorthorn men 
Gudgell and Simpson, the great American improvers of Here- 
fords, ivere, like Cniickshank, forced to inbreed Before resort- 
ing to inbreeding and the free use of bulls bred by themselves 


, I Anjoety 4th 
Don C&t1o3 s 
I 

SpnteZd 

I _ _ , J Anxiety 4th 

Do. Carlo. I 

Spnl«2d 

Fia 66 The pedigree of Sylph 2Dd 66705 an illustration of inbreeding as 
practiced by Gudgell and Simpson 

sons and grandsons of Anxiety 4th — they made many futile at- 
tempts to introduce new blood by the use of bulls from other 
herds, and finally they resorted to getting new blood from out- 
crosses through the dams rather than through the sires A \ ery 
good example of the closebreeding finally resorted to — concen- 
trating the blood of Anxiety 4th — is furnished m the pedigree 
of Sylph 2d 66705 (Fig 66) This cow had only one grand- 
father and one great-grandfather 
Robert H Hazlett established at Eldorado Kansas, one of 
the great beef herds of history This herd nas bred as a closed 
herd for about thirty years The size of the herd was large, 
hence the coefficient of inbreeding for tlie herd was low although 
a few individuals w ere rather highly inbred 

In the early development of the Aberdeen Angus breed, close- 
breeding also %\ as freely practiced For a time, many Aberdcen- 
Angus breeders Imebred to females, following the plan of using 
an Erica bull only on an Enca female (Erica was the foundress 
of a famous Aberdecn-Angus tnbe) or a Blackbird bull on a 
Blackbird female Linebreeding to females is followed with far 


Sylph 2<1 
66705 
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more difficulty than linebreeding to males, because, as a female 
cannot produce nearly so many offspring as a male, selection is 
made difficult 

The author has observed that the outstanding Aberdeen-Angus 
herds in Scotland -were bred by a comparatively mild form of 
inbreeding Thougli perhaps by coincidence, the three herds that 
he considered the most outstanding were bred by the same 
method Each of the three herds, it so happened, used three 
herd bulls, and according to the information given by the herd 
owners, it was their policy to use two bulls, bred m their own 
herds, the third bull being a purchased bull, but one that was a 
close descendant of stock sold from their own herd This plan, 
therefore, allowed for the introduction of a small amount of out- 
side genetic material The inbreeding withm the herd was not 
close but close enough to maintain a high degree of genetic sta- 
bility in each of the herds so bred At tlie same time, the method 
allows for the introduction of some outside genes 
The author found that Scotch breeders of Hill sheep made use 
of inbreeding in a somewhat similar manner to that mentioned 
above as used by the Scotch Aberdeen-Angus breeders Sheep 
breeders, however, did not buy any aires from the outside They 
occasionally purchased females in order to introduce some out- 
side breeding into then essentially closed flocks The system 
would have the same genetic effect as that mentioned above for 
the leading breeders of Aberdeen-Angus cattle, namely, the main- 
tenance of a high degree of genetic stability Hoi^ever, the in- 
troduction of occasional genetic mitena} makes genetic improve- 
ment possible (see page 383 for a discussion, of gamete selection) 

Sheep breeders have not, on the whole, practiced closebrceding, 
but McKcrrow Farms of Pewaukee, Wisconsin, for several years, 
closebred their Shropshires to Imp Bibby’s 133 A good illustra- 
tion of the type of closebrceding practiced by them is furnished 
m the pedigree (Fig 67) of Senator Bibby Type 499886 The 
\etcran Berkshire breeder, A J Lovejoy, of Roscoe, Illinois, was 
an advocate of closebrceding, the following extract from a state- 
ment made by him to Davenport is of interest in this regard 

There i!s no «irc of any breed «jo prepotent as an inbred sire When 
^ve get to the point where wc feci the need of outside blood, we mate 
an imported sow with out best boar, and from this litter we select a 
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boar to use on the get of his own are from other sows jn the herds; 
that IS, we breed this boar on his own half-sisters 


Senator Sibby Third 
(406907) 


Senator Bibby 
(301274) 


Imp Quttar’a €37 
(345314) 


Imp. McKerrow's 1834 
(25611S) 

Imp Bibby’fl 133 
(27S592) 

' Corston Gladiator 
(13124) 

[ Dam by Scottish Knight 


McKerrow’s 3251 
(429469) 


Imp McKerrow’s 1834 

SenatorBibby 

<3<M274) B>bby'Bl33 

(278692) 

McKem,w28e9 I Seoator B.bby (304274) 
- (396923) I (521690) 


Fw 67 The pedigree of Senator Bibby Tjpe 4998S0 aa illustration of 
closcbreediDg as practiced by McKerron Farms 


Experimental Inbreeding Boa inbred rats for six genera- 
tions, with the result that the average size of litter for the first 
three was 7 5 whereas that for the last three was only 3 2 Weis- 
mann inbred a family of rats for twenty-nine generations and 
obtained a decline m litter size of 6 1 for the first ten generations 
to 4 2 for the last nine Darwin, Van Guita, Ritzema-Bos, and 
Crampe also each concluded that degeneration accompanied in- 
breeding 

Since these early experimental results coincided so nicely with 
the popular opinion tliat inbreeding was deleterious in its effects, 
the question was for a number of years considered settled Not 
content with the answer, Castle et al (1906) mbred Drosophila 
for fifty-nine generations, and no diminution m either vigor or 
fecundity w as encountered In some instances a slight reduction 
was obtained, but, when parents from more vigorous strains were 
cho'cn, this was avoided An interesting point is that, when two 
of the closeb mbred strains were crossed, individuals supenor 
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in productiveness to either of the inbred parental strains were 
produced 

King’s Inbred Rats A most significant experiment on this 
subject was planned and executed by Miss Helen King (1918 
and 1919) of the Wistar Institute The foundation stock con- 
sisted of a litter of four albino rats, two females and two males 
One female called A was bred to one litter brother, and the other 
sister, called B, was bred to the otiier litter brother Brother-to- 
sister matings were continued for twenty-five generations the 
descendants of the A female being known as the A series and the 
descendants of the B female the B series 

Breeding stock from the A ‘’erics was selected from the Utters 
having the largest number of males and from B senes from 
Utters having the largest number of females The result was 
that the senes possessed a sex ratio of 322 3 males to 100 fe- 
males, and the B scries had a sex ratio of 81 8 males to 100 
females Inbreeding m itself, however had no effect on the sex 
ratio, for inbreeding for six generations without selection did not 
alter the sex ratio Actually selection took advantage of the seg- 
regation which was occurring These results led to King’s be- 
lief that there is a \ery delicate chcmotactic reaction between 
ova and sperm, and that the male is of little importance m sex 
dctcnnination 

Tlic selection practiced by King was ngorous From the data 
given v\c may infer that after the sixth generation only about 1 
out of 12 5 females produced was retained for breeding purposes 

Inbred males belonging to the seventh to fifteenth generations, 
inclusive, were heavier at all ages than stock albinos, m the 
adult st ige thej ucrc about IS per cent heavier than the general 
run of stock albino inilcb and 12 ptr cent heavier than the ‘•c- 
lectcd stock «cnc4>, rcaretl under the same environment The 
mbred fenmlts were only shghU> heavier tlian the ‘stock females, 
m the adult ‘•tage they were 3 7 per cent heavier Ihc inbred 
rats of botli «t\cs from the sixteenth to the twenty-fifth genera- 
tions were superior m weight to the slock r its of the same period 

The inbred mules were more varnblc m wciglit than '•lock 
males up to l>0 d ijs, ami inbred females “howed more van ibil»t> 
m weight timii stock females up to 90 dajs, after thc*"C ages the 
stock rata sliowe^i shghtlj more vun'ibdit> An important point 
IS tbit the \ iriabilitj in wciglit dctrci>e<l at the rale of about 
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2 per cent for three gcncr'itions of inhreeilmg up to the fiftccnUi 
generition Stt,rcgation for bo4l> weight w w octumng, and by 
selection the stock was l>cmg iiunfied for weight 
Fertility was jiicrea‘'C<l while the inbrctiling w w pr icticcd, tlic 
stock <enes haMiig an luerigc litter ‘•izt of 0 7 101 ! the inhrcds, 

7 5 King found th it high fecundity , c irl> sexual maturity , and 
vigorous growth are chancUrn nhtch are whonied as i group 
In other words, by selecting for \igorous growth early sexual 
maturit} and liigh fccundit} were al'O obtimcd Since all three 
arc physiological ictnities seemingly dependent upon general 
well being it is natural that there «bould be v high correlation 
among the three If «imilur corrclalionh hold true for fann ani- 
mals this IS of much prncticil im|K>rtancc 
Furthermore no unpaired con'^titutional \igor resulted from 
the inbreeding and the mbreds Used longer Thc'*c two charac- 
ters likewise are dependent upon general bod> strength and well- 
being 

The inbred males were Ic s actiec more tinnd and nersous, 
and somewhat more saxage than the stock males Tins is not 
attributable to the mbreedmg but to the fact that no selection 
was made to elmimatc these traits winch are probably as 
pointed out by King heritable bchaaior cornpjeves It is also 
plausible that they arc closely mtcn\oven 

We may infer that at times at least the b id results expen- 
cnccd by livestock breeders from inbreeding arc due to failure 
to guard against certain weaknesses The breeder who is intent 
on fixing type is likely to overlook the less conspicuous charac- 
ters such as fertility Iongc\ity and even growtii rate 

Inbred Guinea Pigs Another important mbrtcding expen- 
ment was the inbreeding of guinea pigs by It right (1922) 
Twenty three separate families were developed by brother to 
sister matings over 25 000 animals were recorded in the in- 
breeding experiment over 4 000 were recorded in the control 
stock m which inbreeding was carefully avoided and nearly 500 
were recorded in crosses between the different inbred lines In 
some of the families inbreeding was earned out for twenty 
generations 

Marked differences between the twenty three inbred families 
were brought out Certain subfamilies also became differenti 
ated On the average there was a decline in all the elements of 
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vigor studied as compared with the Jandom-brcci stock When, 
however, crosses were made between the inbred lines a marked 
improvement over both parental stocks was obtained Appar- 
ently nothing desirable was lost by the weedmg-out process of 
inbreeding, but the full benefits of crossbreeding were realized 
only when the crossbreds themselves became parents 
When the crossbreds were subjected to inbreeding a decline in 
vigor was again experienced which was proportional to the de- 
crease in heterozygosis 

An important point brought out by this experiment is that 
there appeared to be no heredity of general vigor, there was no 
correlation between the success of families m raising their young 
and weight, size, or frequency of litters Weight was not cor- 
related with regularity m producing litters, there was no correla- 
tion between the percentage born alive and the percentage raised 
or between average size of litter and Utter frequency These re- 
sults are somewhat at variance with the results obtained by 
King in which high fecundity, early sexual maturity and vigor- 
ous growth were inherited as a group However, they need not 
necessarily agree, for if, in a certain species, breed, or strain, 
desirable factors are closely linked with undesirable factors the 
effects of inbreeding will be very different from those which will 
be experienced if no such linkage is present It is also highly 
probable that so complicated a character as general vigor is due 
to the combined effects of many factors Hence we cannot ex- 
pect the detailed results from one inbreeding experiment to coin- 
cide with those of another 

Experimental Inbreeding of Farm Animals King’s and 
Wright’s published results were soon followed by several experi- 
ments in inbreeding farm animals The development of hybnd 
com probably furnished a greater stimulus to the inbreeding of 
fann animals tlian the studies of inbreeding m laboratory ani- 
mals 

The United Stitcs Bureau of Animal Industry (1937) started 
SIX inbred lines of Poland China swmc, six of Tamwortli, and 
several of Chester White Full brother X full sister matings 
were made Several lines were lost in the early generations of 
inbreeding, md others were lost later or were discarded because 
of poor rcaults Two Chester White lines were carried to the 
«CM.nt!i gcncntion In general, the inbreeding was accompanied 
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by a loss of vigor There was a decline in the number of pigs 
farrowed and raised, the rate of growth decreased, and the feed 
required to produce a unit of gam increased 

Hughes (1933) began inbreeding Berkshire swine in 1922 and 
reported that the inbreeding was not accompanied by any notice- 
able loss of size or vigor He reported a coefficient of inbreeding 
of 0 74 for the herd The inbred group as a whole averaged 
more pigs per litter (9 78) than the outbred Berkshire herd 
(8 14) Hughes reported some decrease m the size of litters 
among the mbreds as the inbreeding continued No noticeable 
color change or structural abnormality was brought out by the 
inbreeding Hughes states “The results obtained thus far seem 
to agree in part with those of Miss King (no noticeable loss m 
size or vigor) and m part with the results of other workers 
(there has been a slight decrease m sue of the mbred litters) " 
Godbey and Starky (1932) al«o inbred Bcrkshires and reported 
that the inbreeding did not appear to affect birth weight but 
that weaning weight appeared to be reduced 
Willham and Craft (1939) reported on a study of inbreeding 
and outbreeding Duroc swine Matings approximating half 
brother X half sister were made for eight generations The 
inbred stock was mfenor to the outbred stock m number of pigs 
born alive, birth weight, number of pigs weaned, daily gams, 
feed per unit of gam, the coefiBcient of digestibility, and haemo- 
globin level 

Lush and Culbertson (1937) reported on the effects of in- 
breeding Poland China swine, the herd was closed to outside 
breedmg, and four boars were used each year The project was 
initiated in 1930 and the report made m 1937 The pigs far- 
rowed in 1937 had an average coefiScient of inbreeding of 15 4 
per cent They reported that the more highly inbred pigs tended 
to be smaller at weaning and gained more slowly than the pigs 
with less inbreeding These observations of reduced vigor are 
now being confirmed as the general and expected results of in- 
creased genetic purification In the modem development of in- 
bred lines an attempt is made to offset these general effects 
through increased efforts in selection for performance 
Hodgson (1935) developed three highly mbred lines of Poland 
China swine by full brother X full sister matings Hodgson re- 
ported difficulties m ohtainmg matmgs between litter mates, the 
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number of pigs born alive was less among the inbreds than 
among the outbreds, and the losses after birth were much heavier 
among the inbreds than among the outbreds The inbreds re- 
quired more time to reach 200 pounds in weiglit On the other 
hand, Hodgson reported that some of the highly inbred individ- 
uals performed very satisfactorily Two of the above-mentioned 
lines were later culled to make room for the development of new 
lines, but the third one has been retained This line, known as 
the Minnesota M line, was increased m numbers and carries a 
coefficient of inbreeding of about 85 per cent It appears unlikely 
that the line will prove useful to commercial swine production 
They cross well, but their own performance is far too low 
Woodward and Graves (1933) reported results on inbreeding 
grade Guernsey and grade Holstein-Fnesian cattle that are very 
interesting and encouraging regarding what can be done with 
inbreeding in livestock impiovemcnt The inbreeding of the 
Holsteins was earned on through several generations Inbred 
sons and grandsons of the first Holstein sire used were developed 
ns sires, and inbred daughters of these sires were used 
In the Guernsey group, the birth weight of the calves decreased 
as the inbreeding became more intense A few calves were bom 
deformed The mature weight of the cows decreased with the 
inbreeding The milk production of the inbred daughters re- 
mained about the same as that of the foundation cows The 
variation between individuals, however, decreased with the con- 
tinued inbreeding 

In the Holstein herd the inbreeding was not accompanied by 
any decline m fertility Neither did the number of abortions 
nor the normality of the calves appear to be affected The birth 
weight of the highly inbred calves was reduced markedly The 
mortality of the inbred calves after birth was higher tlian m the 
outbred grades or registered Holsteins TJic growth rate also 
declined with the increased intensity of inbreeding, the mature 
weight of tlic inbred cons was considerably below that of the 
other Holsteins reared under the same en\ ironment 

The continued inbreeding was accompanied by an increase m 
milk production and a decrease m the percentage of butterfat 
There was, however, a marked increase in both milk and butter- 
fat m the first generation of outbred daughters 
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Waters and Umbtrl (1936) n-porte.! on *i btutly, extending 
over a ten-year period, of the efftebj of inbreeding in the ^\hltc 
Leghorn fowl Tlie characters reccniiig uptcial attention were 
fertility, hatcluhility, \iihihty, number of tla>s to fir^t egg, egg 
jiroduction, egg size, and body size The degree of inbreeding 
for the flock as a whole was Ic'S inten‘-c than that from brothcr- 
and-'‘ibter or parcnt-and-offspnng matings One family, how- 
c% er, w itli the equie alent of brothcr-and-siister m iting w as main- 
tained succc'-fully for nine generations The ancestrj* of all the 
birds in six families was traced to four males and seven females 
The inbreeding coefiicients of the birds ranged from 41 to S2 
per cent Waters and I~iml)crt rejiort no general decrease m 
percentage of fertile eggs with the incrc.vs,ed inbreeding They 
did observe a slow but gradual decline in the average percentage 
hatchabihtj of fertile eggs for all the inbreds as tlic inbreeding 
continued The average hatch ibihty for all mbnds, however, 
remained in mo^t caacs above 60 per cent In six of the families 
developed there was no general decrea<^c m hatchalnlity 
There was a decrease in the number of da>» to first egg The 
most highly inbred birds reached sexual maturity on an average 
16 dajs earlier than the non-mbred foundation stock The num- 
ber of eggs laid during a given pencil decreased as the inbreed- 
ing increased The 70 per cent inbred group, however, compared 
favorably in number of eggs laid with tJjc non-mbred foundation 
stock 

Egg weight did not decline as a rt'sult of the continued in- 
breeding The growtli rate and adult bo<ly weight were not ma- 
terially affected by the continued inbreeding 

The SO per cent inbred group wis the only group showing an 
increase in mortality up to 24 weeks of age During the pullet 
penod, however, there was a marked rise m mortality for the 
more intensely mbred birds with the exception of the group pos- 
sessing an inbreeding coefficient of 70 per cent 

The above is one of the more encouraging reports on the ex- 
perimental inbreeding of farm aniniais Whereas the immediate 
objective of inbreeding is the improvement of genotype, the 
phenotype must perform sufficiently well to maintain the geno- 
type 

The University of Cahforma has had an inbreeding project 
with Jersey cattle underway since 1922 The inbreeding coeffi- 
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cient has been brought to 0 469 (not the average) Since 1935 
lethals and sub-lethals have been coming to light imperfect epi- 
thelium, reported by Regan, Alead, and Gregory (1935) , a re- 
cessive type of achondroplasia, reported by Gregory, Mead, and 
Regan (1942) , cataract, reported by Gregory, IMead, and Regan 
(1943) , proportionate dwarfism, leported by Mead, Gregory, and 
Regan (1942) , flexed pasterns, reported by Mead, Gregory, and 
Regan (1943) , and female sterility, reported by Gregory, Regan, 
and Mead (1946) 

General Appraisal of the Above-Mentioned Experiments 
On the whole, the results of the above-mentioned experiments on 
farm animals may be regaided as negative The experiment on 
fowl by Waters and Lambert is an exception The results are 
negative at least m contrast to the results obtained on laboratory 
animals by King and Wright and to the practical applications 
made by inbreeding in modem corn production However, this 
IS no criticism of these earlier experiments for they have yielded 
extremely valuable information 
The early experiments have helped to point out the need for 
more rather than less inbreeding The very fact that so many 
lethal and sub-lethal factors were brought to light m the Cali- 
fornia experiment with Jersey cattle shows merely what can be 
covered up in an outbreeding program An objective in the con- 
structive use of inbreeding is to uncover and eliminate the less 
desirable genes 

The early experiments also paved the way for improved tech- 
nics in applying inbreeding to animal improvement It appears 
that the above-mentioned expenments may have yielded negati\e 
results for any or all of the following reasons 

1 Most of the early experiments were of necessity conducted 
on a fcmall scale It does not appear that an expeument of this 
kind IS likely to be lughly successful if conducted with small 
numbers A small sample of foundation animals subjects the 
experiment to a severe handicap at the outset If the inbreeding 
uncovers undesirable recessives, a small population offers little 
opportunity to eliminate the genes witliout losing the entire 
strain 

2 In some experiments, at least, it appears that performance 
vs as not guen special consideration m the selection of breeding 
stock Waters and Lambert speciflcally state that, m the con- 
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duct of their experiment, selection was most exacting for the 
factors affecting vigor There is no nay of knowing how the 
results of the other experiments would have differed if perfonn- 
ance had been stressed, but since the inbred lines usually arc lost 
because of poor performance in one or more respects it appears 
that it IS sound to stress performance at the outset 

3 In most of the early expenments, attempts were made to 
follow definite expenmental patterns such as continuous full 
brother X full sister matings or half brother X half sister mat- 
ings A fixed pattern of proce<lurc restricts the use of superior 
animals to conform to the pattern Again there is no way of 
knowing how much this procedure handicapped the early studies 
It may have been a severe handicap In the breeding of labora- 
tory animals and crops the large numbers used greatly increase 
the likelihood of some good resulting by chance With more 
restricted numbers the breeder cannot trust so much to luck, 
when superior breeding animals arc uncovered they should be 
used to the maximum regardless of how they fit into the experi- 
mental pattern 

U S D A Regional Breeding Laboratories By the early 
thirties sufficient information about inbreeding and its possibili- 
ties as a tool for improvement was available to enable leading 
administrators of research in agriculture in this country to begin 
planning a more concentrated attack on the problem in farm 
livestock The success that had resulted from the crossing of 
inbred lines of corn was m a large measure re«ponsible for the 
confidence of the administrators that inbreeding could and should 
be made to contnbute to the improvement of farm animals The 
result was the establishment of three Regional Breeding Labora- 
tones, the Regional Swine Breeding Laboratory, the Western 
Sheep Breeding Laboratory and the Regional Poultry Research 
Laboratory The Regional Swine Breeding Laboratory was es- 
tablished in 1937, and the others shortly thereafter 
In 1945 national coordinated programs of breeding beef cattle 
and dairy cattle were initiated The programs have much in 
common with those of the three regional laboratones mentioned 
above Both are coordinated efforts to improve by breeding the 
beef cattle and dairy cattle of this nation Both are making 
attempts to utilize inbreeding and intensive selection toward that 
end 
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The objectives of the swine and sheep laboratories were to 
learn more about procedures in breeding for improvement The 
initial work centered on inbi ceding and selection with the ex- 
pectation that crossing would be utilized eventually The result 
desired was the development of methods that would speed live- 
stock improvement by breeding 
An objective in the poultry laboratory was the prevention and 
control of avian leukosis The attack was planned through 
studies of genetics, pathology, physiology, nutrition, and man- 
agement The genetic studies centered on the development of 
jnbred lines selected for resistance to the disease 

In organizing the research program for the laboratories the 
weaknesses of previous research undertakings were recognized, 
and an attempt was made to make some corrections The two 
major corrections made were that performance was emphasized 
m selection, and more animals were utilized The latter was 
largely the reason for organizing the work on a laboratory basis, 
and it allowed for a broader attack 
All five of the above-mentioned programs have made notable 
contributions to scientific knowledge regarding inbreeding and 
selection Scientific papers have been published, and definite 
inbred lines of livestock have been produced under the auspices 
of the different laboratories More inbred lines are in the mak- 
ing Some of these lines appear to be on the verge of making 
important economic contributions to livestock improvement in 
this country The results to date indicate that livestock breeding 
of the future is due to change its general pattern and follow to 
some extent the pattern set for com breeding It also, however, 
IS becoming increasingly clear that, for obvious practical reasons, 
the exact pattern set by corn breeders cannot be followed m all 
its details 

General Summary of Improvement by Inbreeding As a 
whole research ^\o^k indicates great possibilities for the improve- 
ment of livestock by inbreeding Inbreeding is the quickest and 
moat certain method of bringing out what is in a population In- 
breeding bnngs the recessnes to light, many of which arc un- 
desirable, tlius giving the breeder an opportunity to eliminate 
them from the population and to punfy this stock for the more 
desirable genes 
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Inbreeding aho breaks up old as«ociation8 of genes, especially 
after a wide cross, or whenever a heterozygous population is in- 
bred As it breaks up old gene associations it bnngs about new 
groupings, as illustrated by the usual dihybrid ratio of AAbb X 
aaBB This process has both desirable and undesirable results 
Old associations that led to desirable gene interactions may be 
lost, at the same time new combinations that result in desirable 
gene combinations or interactiona may follow 

Inbreeding is the only method known whereby purification 
can be carried forward An advantage m further punfication is 
that the crossing of more highly purified breeds or lines produces 
more uniform results 

The fundamentals in%olved m inbreeding are rather clear but 
much IS still unknown about its applications It is far from 
clear how much inbreeding is needed m livestock to obtain maxi- 
mum efficiency of production m cro«sing If a coefficient of in- 
breeding of 0 30 will do as well or even nearly as well in crosses 
as one of 0 60, there is no advantage in going to tlic expense and 
trouble of developing lines with the higher coefficients of in- 
breeding It IS probable, however that the optimum coefficients 
of inbreeding will show considerable variation from line to line 
The optimum rate of achieving purification is not clear The 
authors experience indicates strongly that lines differ m this 
regard Lines developed from the crosses of other inbred lines 
appear to be able to ab'^orb a faster rate of inbreeding 

Dreed crosses appear to offer the greatest opportunity for the 
development of superior inbred lines They offer an opportunity 
for inducing new gene combinations The opportunities m this 
field are practically unlimited for the genes possessed by farm 
animals are so numerous that it is impossible to estimate the 
many new combinations that may be brought about 

In com breeding some desirable hybrids have been produced 
from very inferior inbreds A parallel situation may develop in 
livestock but there are several reasons why it is more difficult 
for a livestock program to succeed with poorly performing mbred 
lines Livestock are not nearly so prolific as com One kernel 
of com can produce a plant with an ear of com that has 1 000 
or more kernels Poultry are the most prolific farm animals but 
thejt arc far Ic's prolific than c6ra This factor alone prohibits 
the use of animaL markedly inferior m anj of the factors of 
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performance Fuithermore the cost of maintaining the inbred 
lines would be prohibitive as a practical procedure 

It IS generally assumed, with considerable supporting evidence, 
that superior traits tend to arise from dominant genes It would 
therefoie appear that by the development of superior inbred 
lines more desirable genes would be made pure and retained 
than by the selection of inferior lines Thus when the superior 
lines are crossed more desirable genes should be put in the cross 
A limiting factor to the above reasoning is that gene inter- 
action may make some genes that are undesirable by themselves 
valuable when in association with other genes Nevertheless, the 
limited crossing studies m livestock to date indicate that the 
superior inbred lines and superior individuals on the average 
produce the best crossbreds Studies of corn by Hayes and John- 
son (1939) and Johnson and Hayes (1940) support the above 
generalization 

Inbreeding automatically reduces the vigor of the stock so 
bred it IS hybrid vigor m reverse The constructive breeder 
then tends to offset this general effect of inbreeding by rigorous 
selection for improved performance If the selection is successful 
the breeder will hold the performance m balance It is possible 
that some highly inbred lines will be developed that greatly ex- 
ceed good outbred stock in performance However, this is not 
likely to occur without considerable effort The success of the 
selection is dependent upon accumulating enough additional ad- 
ditive gene effects to offset the loss caused by a decrease both in 
dominance and mteravition It appears that mbteeding to 
the lower levels (F^’s of about 25 to 35 per cent) can be attained 
without any noticeable loss of vigor, in fact some may be gained 
A major result of this stage of inbreeding when complemented 
with stringent selection is likely to be a reduction m the size of 
the various allelomorphic senes and the elimination of many of 
the less desirable genes On the other hand, the degree of homo- 
zygosity attained may be less tlian tlieoretically indicated 
The final measure of the value of an inbreeding program or 
of inbred lines is what purpose has been or can be served Pres- 
ent-day thought is that the final mcasuio of an inbred line’s use- 
fulness. IS what it will do m croa‘!ts with other inbred hnea or 
outbred stock This is only a partial answer, for it is also de- 
pcndLnt on the co^t of m untuning the mbred line Inbred hnc'^ 
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that are overly costly to maintain are not likely to be economi- 
cally sound for crossing even tliough they cross well On the 
other hand, some of these same inferior inbred lines may possess 
genes that will be valuable for the improvement of other inbred 
lines In still other instances, some inbreeding may prove very 
valuable merely as a means of reducing the size of the allelo- 
morphic senes and ridding the stock of the many less desirable 
genes Final appraisals of inbreeding cannot be assessed by the 
same scale of values, each inbred line should be appraised by 
the question, "Did the program accomplish, in part at least, what 
it was planned to do?” 
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Crossbreeding 

Crossbreeding is the opposite of inbreeding, it promotes the 
pairing of unlike genes by the mating of animals that belong to 
different families, breeds, or species The crossing of animals 
that belong to different families within a breed is often spoken 
of as outcrossing Actually the difference between the crossing 
of families or breeds and the crossing of breeds and species is 
merely one of degree on a sliding scale In this respect it is 
comparable to the difference between inbreeding and linebreedmg 
Inbreeding and crossbreeding are part of the same phenome- 
non The results of both are explained by Mendel’s laws and 
the interpretation of hybrid vigor 
Objects of Crossbreeding Crossbreeding is the third tool 
the animal breeder has with which to work toward genetic im- 
provement The other two are selection and inbreeding Genetic 
improvement can come only through the sorting out of the genes 
wliicli produce tlie most desirable results and by bringing to- 
gether the gene combinations that yield the most desirable effects 
The history of amraal hreednig and more rooently the con- 
structive work of the plant breeders have demonstrated that 
crossbreeding is a tool to be used for genetic improvement In 
general animal breeders have been reluctant to recognize the pos- 
sibilities in crossbreeding This situation, however, has been 
changing since about 1935 

The chief reason for crossbreeding is to bring about an in- 
crease m vigor Vigor is used in this connection to cover almost 
everything tliat pci tains to desirability Tlie main items are 
\ \te of gam, economy of gain, fertility, and general strength It 
b IS also been rather generally assumed that these desirable traits 
arc stimulated largely by dominant genes The reasons for tins 
belief are that the characters possessed by v\ild-type animals 
237 
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are largely dominant and that the explanation of hybrid vigor 
rests on dominance 

Nevertheless, some care must be exercised in making the above 
generalization lest we take too much for granted The animal 
traits most useful to man may not be compatible w ith the traits 
that are most desirable to the animal under natural conditions 
A high degree of fertility is \ery desirable m the domestic ani- 
mal Under natural conditions 10 pigs in a litter and twin lambs 
may be liabilities The race that produces a more limited num- 
ber of young, but young that are stronger at birth, may be better 
suited to survive Heavy milk flow is an advantage when the 
female is well cared for, but under natural conditions it may lead 
to damaged udders and the production of contaminated milk A 
rapid rate of growth is desirable m the production of market 
animals, but m the wild it may be a handicap The fast-growing 
animal requires a larger daily intake of food than the slow- 
growing animal Under natural conditions an abundance of food 
may often be lacking, and the animal with the inherent capacity 
for rapid growth is handicapped more than the one with less 
capacity for growth The same general pnnciple applies to adult 
size 

An illustration of this point is to be found m the development 
of the Pmey Woods pig These are pigs running Ioo«e in the 
woods and swamps of many parts of the southern part of this 
country Presumably they are descendants of the early pigs 
brought over by Spanish and French settlers No doubt from 
time to time their gene complex has been disturbed by the addi- 
tion of genes introduced by pigs tliat escaped or were turned 
loose from the adjacent farms The latter are usually descend- 
ants of the more popular American breeds of swine Neverthe- 
less, as the result of natural selection, man> of the Piney Woods 
pigs reach an adult size of a little over, or even less, than 100 
pounds (Fig G8) Not only the size but also the proportionate 
body parts are m marked contrast to that of a modem pig (Fig. 
69) From the farmer’s standpoint, the Piney Woods pig would 
not be classified as cspeciall> deairablc or vigorous Yet under 
natural conditions where he must look after himself he possesses 
a type that apparently is closely associated with vigor for that 
special environment 
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The chief reason for including the above at this point is to 
point out that vigor may mean different things under different 
conditions and that it is well to exercise some care in the gen- 
eralizations drawn from wild types The fact remains that cross- 
breeding generally results in an increase in all the elements of 
vigor, as measured under domestic conditions A large portion 
of this increase is due to bringing more dominant genes into play 
It has frequently been stated that inbreeding produces uni- 
formity and crossbreeding produces variability A statement of 
this type causes confusion unless it is well qualified As a rule 
first and second crosses yield very uniform populations In- 
breeding if continued leads to the development of families and 
subfamilies the members of which are remarkably uniform, but 
the immediate results of inbreeding a heterozygous population is 
the segregation of both phenotypes and genotypes 
Crossbreeding promotes the pairing of unlike genes, and it is 
used for the following reasons 

1 A single cro«s is used to introduce new genes m a closed 
population The closed population may be a closebred family or 
a breed Crossbreeding is a logical procedure in constructive 
animal breeding Unfortunately, however, this method of con- 
structive breeding can be used in breed improvement only by 
clandestine methods, and it has been used rather frequently 
It would, however, be much better if the method could be used 
openlj and yet with sufficient restrictions to keep the procedure 
within control 

If a certain breed, or family within a breed, is deficient in a 
certain trait, the quickest and most certain method of improving 
that trait is to introduce genes through crossbreeding to some 
stock known to be superior in the trait The counterargument 
often advanced is that every breed has all the genes necessary 
^ make, within reason, whatever is desired from the breed 
Even if this statement is correct, which has never been proved, 
It IS absurd to take many years to do a job that can be done m 
le«s time by an improved technic 

The above-mentioned type of crossing is often spoken of as 
outcrossing, and it is not foreign to livestock breeders, Lovejoy, 

le o ing brothers and Bakewcll, among others, u«ed it freely 
U IS a method that is used regularly by many of the best breeders 
of IIill sheep m Scotland (page 383) Most animal breeders. 



241 


Hybrid Vigor 

however, use it in a limited way only, at least when they use it 
legally, that is, by staying within their oi\n breed This does 
not give the breeder the full latitude thot can be provided by 
selecting genes wherever useful genes may be found Plant 
breeders have made deliberate and more frequent use of this 
method than animal breeders in recent years Gametic selection 
as proposed by Stadler (1944 and 1948) is but a slight modifica- 
tion of this method It appears almost certain that animal 
breeders in the future vill be using this technic much more in an 
attempt to improve the present inbred lines that have been and 
are being developed 

2 A second reason for crossbreeding is to make the crossbreds 
the basis of a new breed The majority of our present improved 
breeds originated from crossbred foundations (Fig 70) For 
about 50 years crossing for this reason has been generally frowned 
upon in livestock circles, and breed promoters have attempted 
to present evidence that their breed has been pure from time 
immemorial Usually this attitude is the result of presenting 
only a part of the evidence available regarding both breed his- 
tory and the history of the human race It is also the result of 
a failure to recognize the biological la^\s of inheritance 
Ultimately it makes no difference how long a breed or strain 
has been bred from -within, for the value of the breed or strain 
depends on what can be done with it Obviously the genes are 
put in a more heterozygous condition by crossing Subsequent 
inbreeding from such a population offers opportunity for segre- 
gation "New gene grouping arc thereby created, and an oppor- 
tunity IS offered for more desirable gene groupings than existed 
formerly Not all new gene groupings will be more desirable 
There is no reason why they should be, but by creating new gene 
combinations the constructive breeder lias the opportunity of 
selecting lmp^o^ed types 

3 The major reason for crossbreeding is to produce market 
animals 

Hybrid Vigor Both practical and experimental breeders of 
plants and animals have long recognized heterosis or hjbrid 
vigor Whaley (1944) states that hjbnd vigor Ins boon recog- 
nized for at least two and a half centuries Only during the past 
three decades, however, has our understanding of tlie cause of 
hjbrid vigor been clcanng 
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however, use it in a limited way only, at least when they use it 
legally, that is, by staying witliin their own breed This does 
not give the breeder the full latitude that can be provided by 
selecting genes wherever useful genes may be found Plant 
breeders have made deliberate and more frequent use of this 
method than animal breeders in recent years Gametic selection 
as proposed by Stadler (1944 and 1948) is but a slight modifica- 
tion of this method It appears almost certain that animal 
breeders in the future will be using this technic much more in an 
attempt to improve the present inbred lines that have been and 
are being developed 

2 A second reason for crossbreeding is to make the crossbreds 
the basis of a new breed The majority of our present improved 
breeds originated from crossbred foundations (Fig 70) For 
about 50 years crossing for this reason has been generally frowned 
upon m livestock circles, and breed promoters have attempted 
to present evidence that their breed has been pure from time 
immemorial Usually this attitude is the result of presenting 
only a part of the evidence available regarding botli breed his- 
tory and the history of the human race It is also the result of 
a failure to recognize the biological laws of inheritance 

Ultimately it makes no difference how long a breed or strain 
has been bred from within, for the value of the breed or strain 
depends on what can be done with it Obviously the genes are 
put m a more heterozygous condition by crossing Subsequent 
inbreeding from such a population offers opportunity for segre- 
gation New gene groupings are thereby created, and an oppor- 
tunity IS offered for more desirable gene groupings than existed 
formerly Not all new gene groupings will be more desirable 
There is no reason why they should be, but by creating new gene 
combinations the constructive breeder has the opportunity of 
selecting improved types 

3 The major reason for crossbreeding is to produce market 
animals 

Hybrid Vigor. Both practical and experimental breeders of 
plants and animals have long recognized heterosis or hybrid 
vigor Whaley (1944) states that hybrid vigor has been recog- 
nized for at least two and a half centuries Only during the past 
three decades, however, has our understanding of the cause of 
hjbnd vigor been clearing 
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ucuin or Tic muEi ch u ireu or swme 

Fig 70 Ancestry of the Poland China breed of swine (Courtesy Dr 
Elwood Stnngam ) 
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Jones (1917 and 1918) advanced tlie theory that has become 
known as the dominance of linked factors hypothesis. Whaley 
(1944) stated, “Jones made what still stands as the most thor- 
ough study of the genetic aspects of the heterosis problem.” 
This theory rests on the assumption that vigor is dominant to 
lack of vigor and that the individuals crossed differ in certain 

Pi X Y 

II II II III III I' r II' II' III' III' 




Fia. 71. Illustrating how dommant factors contributed by each parent may 
enable the crossbred to attam a greater development than either parent. 
(Modified from Jones in GeneUcs in Plant and Animal Improvement, John 
Wiley & Sons) 

factors which contribute to vigor. It is also assumed that fac- 
tors for vigor arc linked with factors for lack of vigor or less 
vigor. In tlm theoretical illustration (Fjg. 71) it is assumed that 
the individuals .Y and Y are each homozygous and that three 
paira of cliromosoinca carry factors for vigor which are equal but 
different and occupy different loci. Tlic factors for vigor in X 
are labeled *1, C, E, G, I, /C, J/, O, and Q; and tlioac for vigor 
in Y are labeled li, D, F, JI, J, h, xY, P, and R. It is assumed 
that the genca A, B, C, and so on, arc dominant to their alleles 
a, b, c, and so on. In the illustration the complete dominance 
of vigor is assumed, but if vigor is only partially dominant to 
lack of vigor the same effect, heterosis, is produced. That vigor 
ilominant or partially iloniinant to luck of vigor is today 
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more than an a«bumption for from inbreeding experiments it is 
clear that undesirable f icton* arc much more frcqutntl> reces- 
sive than dominant 

In order to simplify the above illustration the number of genes 
and cliromosomcb was kept low Actuallj Jones s original as 
sumption was that many genesavere involved and th it thej were 
widely distributed among the total chromo omc number It is 
now well known that many genes arc involved m the expression 
of such characters as size rate of growth and fertility 

Powers (1944) advanced what he pro])o ed to call an expansion 
of Jones s theory of heterosis Povers reported that cro cs in 
tomatoes arc influenced b> size and number of fruit In a cross 
of two inbred lines 4102 and 4110 the hi were not only below 
the better parents m each respect but in bith respects thej were 
below the means of the two parents jet in yield the hybnd ex 
cccdcd the high parent by a substantial margin 

TabliB XXV Nombeh of Ripl Fruit Size or Fruit and Yield or 
Ripe Fruit op a Tomato IIvimiid and Its Parental Lines 

(From Poncre American NoluroluO 
Hybnd or Rjpo Fruit, S tc 

Inbred Line Number Grams Vicld 

4102 4 4 i: 0 09 138 ± 12 81 007 86 

4110 100 1 is 11 34 17 ± 0 58 1 868 ± 149 

Fi 44 5 * 2 52 55 ± 2 03 2 428 * 150 

Richey (1942) had previously made a comparable report on 
height of plants Two plant varieties will be of equal height if 
one has twice as many intcmodcs of half the length of the other 
A cross of the two will produce a hybnd which will exceed their 
height by 12 5 per cent if intemode number and length are ex 
actly intermediate in inheritance Richey points out that the 
same pnnciple applies to other characters such as yields of gram 
leaf area and growth rate 

The condition of heterozygosity it«elf has always presented an 
especial appeal as an explanation for heterosis Stubbe and 
Pirechle (1940) cite evidence to support that view They worked 
with a race of Antirrhinum majus that exhibited a chlorophyll 
e ciency The race possessed a tendency to mutate back to 
normal By selfing individuals were produced which were heter 
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ozygous with respect to the mutant gene and exhibited some hy- 
brid vigor This they give as evidence that heterosis is due to 
heterozygosity itself 

Singleton (1943) reports an instance of heterosis due to a 
single factor difference An mbred strain of sweet corn P39 mu- 
tated to a dwarf form C30 Crosses between P39 and C30 indi- 
cated that a single recessive mutation was involved Crosses of 
the mutated form C30 with other inbreds, C13 and C15, gave 
higher yields than crosses of the nonnal form P39 with C13 and 
C15 

Jones (1945) reports on instances of heterosis resulting from 
degenerative changes Six recessive mutations appeared spon- 
taneously m five inbred lines of maize All of the six reduced 
the amount and rate of growth m some respect and were classed 
as degenerative changes The evidence indicates that each one 
differs from the normal homozygous line from which it originated 
by a single allele When tlie reduced mutant lines were crossed 
with the parental normal line from which they arose heterosis 
lesulted Jones states ''Heterosis is interpreted as an accumu- 
lative effect of favorable heredity from both parents This re- 
sults even when only single allehc differences are involved pro- 
^ ided genes have multiple effects *' 

Oliver and Green (1944) found heterosib in what they call 
compounds of lozenge alleles in Drosophila melanogaster Tlicir 


Table XXVI ViABiLm, Fertility, and Fecundity op Lozenge 
Alleles 

(From Oliver aiwl Green, (7enc(ics) 
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SE 

No 

% 

SE 
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50 
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61 
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Ul 0 
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26 3 

1 3J 

10 4 

Lyu 

135 

371 

31 5 

1 82 

131 

35 3 

2 IS 

2,775 

21 2 

1 5S 

18 1 

U’/h 

100 

105 

81 2 

2 G1 

7!) 

47 9 

3 80 

1,060 

21 0 

2 2S 

20 4 
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ram of a Unrei breed Suffolk and Oxford Down rams arc popu- 
lar choicer 

In the United States many com belt farmers ha\c for jears 
practiced the cro««breeding of hogs In the third edition of this 
book (1939) this fatatcinent was made “ in many ca«cs mix- 
ing the breeds might better desenbe the method, for s>6tematic 
crossing has not been the rule, but this is changing The situa- 
tion has changed markedly since 1939, many hog rai^-crs arc now 
quite systematic in their croadirceding Estmiales indicate that 
more than 80 per cent of the hogs reaching our central markets 
are crossbreds 

Many range sheep producers ha\e long been sjstcmatic in 
crossing the breeds In many instinces longwool rams are 
crossed to grade fintwool ewes, the crossbred ewes arc main- 
tained and bred to Down rams for the production of market 
lambs Range men who follow tins practice contend that a cross- 
bred flock IS a more jirofitable one than a finewool because the 
ewes arc larger and stronger, rai«c a larger lamb crop and pro- 
duce a fleece winch is high m quality and quantity The Down 
ram gives to the lambs a l)lockine«s of t>pc, winch is so prized 
on the markets 

In general, it may be «aid, popular opinion is that the cross- 
bred matures earlier, requires lc<s feed is more vigorous, and is 
m general superior to either parental type 

Experimental Crossbreeding Through the years many re- 
ports have shown an advantage m favor of cro^-sbreds For the 
most part the early individual expenments were limited in scope 
and attracted little attention Nevcrthele«'» these early expen- 
ments almost without exception showed an advantage in favor 
of the crossbreds Many commercial livestock producers con- 
tinued to crossbreed even though they w ere usually adv i«ed that 
crossbreeding was a poor practice 

The Minnesota Experiment with Swine In order to ob- 
tain definite information regarding the ments of crossbreeding, m 
the fall of 1928 the Almncsota Expenment Station began a study 
of crossbreeding (1\ inters et al 1935) The experiment wa« 
conducted on a large «cale and in a very exacting manner The 
purpose was to answer the following questions 
1 How much added vigor may a farmer expect as the result 
of crossing two or more breeds of swme? 
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2 Should the crossbred gilts all be marketed^ or can they be 
used to advantage for further breeding? 

3 If the crossbred sows arc better mothers, how can they best 
be used for further breeding? 

The experiment was conducted independently at two separate 
points, but the work at the two locations was coordinated and the 
study covered a six-year period 
Spnng-farrowed boars and gilts were used exclusively as 
breeding stock throughout the experiment The plan of matings 
was so organized that similar genetic material was used in the 
purebreds and in the crossbreds The comparison therefore was 
designed to determine if it made any difference whether the same 
genetic material was used to produce purebreds or crossbreds 
The phrase, the same genetic material, needs to be interpreted 
in a broad way because it is well recognized that purebreds are 
not pure genetically However, if enough matings are made, the 
average of the genetic material put in the crossbreds will be 
about the same as that put m the purebreds If the average is 
not the same, the purebreds are so variable genetically that there 
would appear to be no value m going to the trouble and expense 
of maintaining the purebreds as such 
Tlie following types of matings were made in the Minnesota 
experiment 

West Central Expenment Station 
Poland China boarX Poland China gilts 
Duroc boar X Poland China gilts 
Poland China boir X Duroc gilts 
Duroc boar X Duroc gilts 

Northwest Expenment Station 
Chester White boar X Chester White gilts 
Duroc boar X Chutcr White gilts 
Chester White bo irx Duroc gilts 
Duroc boar X Duroc gilts 

The same boars sired botli the crossbreds and the purebreds 
The gilU of each breed group for each station were purchased 
from the same herd and averaged about three-fourths sisten, in 
rvlationdup 

The ibovc roatmgs were repeated in the second and third 
irs, and the following matings were made m addition: 



246 Crossbreeding 

results, presented in Table XXVI, show clearly that viability, 
fertility, and fecundity were grcitc&t m the compounds 

Oliver and Green arc of the opinion that modifying genes af- 
fected the factors conccnied Tins is another uay of stating be- 
lief in heterosis as the result of the interaction of genes otlicr 
than alleles They contend aKo that the data indicate that 
heterosis is the result of the interaction of the recessive lozenge 
alleles when put m a compound 

Hull (1945) lias introduced the term “overdommance" (sec 
page 121) to describe that condition wherein the hctcrozygotc 
exhibits a greater amount of the character in question than tlie 
individual tliat is homoz>gous for the dominant gene A simple 
illustration of the interrelationship of ovcrdominancc, dominance, 
partial dominance, and lack of dominance is given below with 
the assumed numerical values for the difTcrcnt genetic states 


AA 

aa 

Aa 


10 

4 

12 

Ovcrdominancc 

10 

4 

10 

Dominance 

10 

4 

8 

Partial dominance 

10 

4 

7 

Lack of liommanco 


The discovery that ovcrdominancc <iocs occur has resulted in 
a great deal of speculation m regard to means whereby it may be 
used to bring about more hybrid vigor than has been general up 
to this time Ovcrdominancc apparently is tlie result of both 
the interaction of allcbc genes and increased non-allchc action, 
for the AaBB state offers opportunity for both A and a to inter- 
act with B Alost likely, groups of genes usually allow for the 
interaction between both allcIcs and non-allcles Genetic inter- 
action between alleles and non alleles is today, then, a wcll- 
estabhshed fact However, the mechanism that makes genic 
interaction possible is not clear It is not clear whether, in the 
above illustration, A provides one sort of stimulint and a a dif- 
ferent stimulant, with the result that the two when combined 
provide a greater stimulation tlian two doses of either one alone 
or whether Aa enters into some sort of chemical reaction which 
thereby results m a greater boost than a double dose of either 
A or a 

The heterozygous state certainly offers much greater oppor- 
tunity for the interaction of genes than the homozygous state 
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Let it be assumed that we are dealing with a case of gene inter- 
action, the individual that is has the opportunity only for 

an interaction between A and B On the other hand, the indi- 
vidual that IS A — has opportunity for six different interactions. 

1X1, 

If, however, we fully accept belief in the manifold effects of the 
gene and genic interaction and believe that the genes achieve their 
results by a series of chemical reactions, the number of possible 
genic interactions is greatly increased m moving from the geno- 
type AABB to AA^BB^ In the latter genotype the following 
genic interactions are possibilities. 


4—4' 

A’— fl 

B— S' 

B'— AA' 

A—B 

A'— B' 

B— AA' 

B'—AB 

A— 

A'— AB 

B— AB' 

B'— A'B 

A— A'B 

A‘—AB‘ 

B—A'B' 

S'— AA'B 

A— A'B' 
A—BB' 

A— A'BB' 

A'—BB' 

A'— ABB' 

B—AA'B' 



Objection can be raised to the abo\e on the basis that it includes 
repetitions, for example, A — A'B, A^ — AB, and B — /l/l* How- 
ex cr, there is the possibility that A*B may first enter into a re- 
action and later react witli A In like manner tlicrc is the possi- 
bility tliat AB may enter into a reaction that later reacts with 
A The idea of chain reactions rcccncs support from tlic fact 
that the nidiiidual is affected throughout hfe hy its genetic state, 
>tt its genetic state remains constant 

It lb well recognized that the indixidual is the result of gemc 
interaction xxitli cnxironment If this is added to tlie aliove, the 
po-^ihihtics become enl irgcd still morc 

Crossing Breeds. Tlie b>stemutic crossing of breeds lus long 
liecn practiced in nuropc In llie Isles blue-gray eattlc, 

Abenlccn-Angua-Shorthorn or Callow u> -Shorthorn, haxc long 
enjojed an cmublc reputation both in the sliow ring and on 
the m irkcU Many of the breeds of sheep are also cro"«cd for 
tlie production of market Iambs One of the nio-t pnmiinent of 
thc'C IS the Border Uiccstcr-Chexiot The hiUbn-d ewes as 
tliey are known, arc about the inoat popular ewes in the* Briti^li 
I-ks for conimerci il produetion Tlie ewes are usu dl> brttl to a 
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West Central Exiwnmcnt Station 
Cbc’-tcr White boarX Poland Chini-Duroc gilts 

North\\e‘"t Exiwnmcnt Station 
Poland China bo ir X Cluster W hitC'Dnroc gilts 

The boars used in the aboae three-breed cro-s were in each ca=e 
from the purebred herd of the other ‘•tatien This was done to 
keep the breeding as neatly couipirablc as po-'iblc 

In the fourth jear of the e\i>crmicnt and for the hist three 
years, the Yorkshire breed w.is sulMituted for tlie Chester W'Intc 
and the Poland China for the Duroc at the Northwest Experi- 
ment Station An additional cross was made at cacli station 
by mating the crossbred gilts hack to one of tlie parental breeds 
The resulting individuals were dc*-ignatcil as back-cro~s pigs 
Tlie above tjpes of matmgs ga\c pigs of four t>pc3 of 
breeding. I',itcbrcl=— tour briejs 

First cross 
Back cross 
Three breed cross 

Farrowing results arc presented m Table XXVII 

Table XXVII FAimowiso Ulcoud, Cuo'»-‘D1iei> and Purldred 
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The results of the nursing penod arc given m Table XXVIII 

Tabix XXVIII Nursing Period, Crossbred and Purebred 


(From Winters liiser, Jordan, and Peters, Jftnn Bui 320) 


Breeding 

No of 
Pigs 

Weaned 

No 

lx>st 

per 

Litter 

Litter 

1 Size 
at 

Weamng 

Weight 

I per 

1 Pig 
Pounds 

Total 

latter 

Weight, 

Pounds 

Average, all purehreds 

531 

2 72 

i 5 54 

1 

2S 

155 

Purebreds, proportioned 
by breeds to breeds in 
first cross ' 

531 

2 07 

5 G2 

28 

157 

First cross 

317 

3 27 

5 05 1 

33 1 

106 

Purebreds proportioned 
by broods to breeds m 
threo-breed cross 

531 

2 56 

5 66 

28 

158 

Thix'O'brecd cross 

1S6 

2 17 

7 71 ' 

33 

254 

Purebreds, proportioned 
by breeds to brexds m 
b vek cross 

531 

2 75 

5 57 

29 

102 

Back cross 

100 

1 88 

6 25 

36 

225 


The ad% anlagcs m rate and economy of gain^ of the cros’^brccis 
o\cr the purchrulb arc gi\cn m Tibic X\I\, ami in over all 
bViinmirv of the cro-bbrcils’ mtigc» arc gi\cn m Ti1>1l WX 
Fi\c major factor* affect productiMty m bwinc (1) number 
born ah\c, (2) burtitnl, (3) rite of gam, (1) economv of gun, 
ind (5) merit of the finished product In the ibo\e t\ptriment 
the hog» were not '•cored on confonnnlion at the completion of 
the tni! If tlic otlier four fictoni affecting protiucti\it> irc 
pooled it ei\u d % due and the figures ire I ikcn from T ihle \XX, 
the iicrige nh iiitago of the tro-d*n.<la oier the purebred** arc 
fip-l crobb 7 per cent, b ick cro«a b per cent, and threc-bree*! cro-s 
17 |M.r cent lt> i diffirent imihiKl of h indlmg the ^ unc dit i 
m the lutljor^a opinion a more '"iti-ficlon methiKi, tlie wl- 
V lilt over purthruK are hr"! cro •> b*! jnr cent, hick cro i 
7 > jHr emt, in*! ihret-^bree*! tn» ■» 11 7 jh-T ctni 
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Table XXIX Adnantaoes, IIatt, and Uconomy of Gains of 
C llOSSBilLUS 0\LIt Pliuuiieds 


(From Wnters, Kiser, Jordan, and IVlcfs, .Uinn Dul S20) 


Breeding 

No 

of 

Lota 

1 

Feodlot IVnod 

Birtli to 220-Poui)d 
eight 


Leas Fet'd 
pir 100 
Pounds 
Gam 

Fewer 
Daj's to 
Beach 220 
Pounds 

Fewer 
Pounds 
Feed per 
220-Pound 

Pig 

Purebred 

21 

353 





First cross 

iS 

22J 

0 12 

12 08 

17 

27 90 

Three-breed 







cross 

8 

173 

0 U 

10 21 

17 

35 00 

Back cross 

5 

03 

0 U 

12 15 

22 

20 73 


Table XXX Summaby op \dvastau_s of CiiOiSBiaos oneb 
Puoeobeds in Percentage 

(From Winters, Kiser, Jordan, and Peters, J/mn liul 5S0) 



First 

Thfco- 

Breed 

Back 


Cross 

Cross 

Cross 

Birth weight per bvo pig 

1 OQ 

0 39 

14 57 

Birth weight per bttcr of hve pigs 

13 39 

20 05 

11 97 

Number of Lve pigs per htter 

11 22 

20 19 

-2 34 

Total number of pigs per litter 

4 01 

8 02 

-11 85 

Number of pigs weaned per litter 

5 87 

30 22 

12 21 

Litter weight at weaning 

24 84 

00 76 

33 89 

Saving in feed 

2 99 

3 83 

2 91 

Saving m time to reach 220 pounds 

8 07 

8 03 

11 23 


No one has yet developed an entirely satisfactory method of 
appraising the over-all comparative merit of swine by which two 
groups can be compared, as hybrid and open-pollinalcd corn are 
compared on yield An important point, however, derived from 
the above-mentioned experiment is that the crossing of American 
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breeds of swine did yield hybrid vigor very consistently A sec- 
ond point was that the crossbred females were valuable as breed- 
ers, therefore, if full advantage is to be made of hybrid vigor in 
livestock production, crossbred females need to be utilized as 
breeders 

The above conclusions are in perfect accord with modem 
genetic information for on the average the hybrid may be ex- 
pected to be more vigorous than the non hybrid and, since the 
young animal is dependent on its mother for considerable time 
before and after birth, it is logical that the crossbred mother will 
possess added vigor for this work 

The applications of genetics to livestock breeding differ in 
many respects from its applications to plant breeding In the 
production of hybrid com, it has become rather standard prac- 
tice to use four inbred strains which are first combined in two 
single crosses {Ax ^ and C X^) , the two single crosses are 
then combined in a double cross (AB X CD) winch yields the 
seed that produces the hybrid com In some instances an inbred 
male parent is used in place of the crossed lines for the second 
cross In either case it is standard practice to go no further with 
this stock for crop production Similar procedure is not appli- 
cable to livestock production, at least under prevailing cultural 
methods Cora is much more prolific than livestock One kernel 
of com will produce an ear with about 1,100 kernels, each of 
which may produce a plant that is bisexual In contrast one 
sow, under faiorable conditions, may raise 10 pigs, of which 
half arc gilts, but, under average conditions, the sow will raise 
3 or 4 gilts per farrowing In cattle and horses each female will 
average less than 1 female every two years, and in slieep the aver- 
age will be one-half to three-fourths of a female offspring per 
breeding female per year 

Tlic above differences in fertility nlonc arc sufficient to make 
impracticable the direct transfer of the methods used m produc- 
ing hjbnd corn to livestock breeding, with the possible excep- 
tion of poultiy The fundamentals, however, remain the same 
Btcau'^c of the above-mentioned difference between com and 
swine and because of the definite hjbnd vigor cxiiibitcd m the 
above txpenment Winters ct al (1935 and 193G) recommended 
two inetluxU bj which the fanner may cany on a continuous 
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program of crossing The two methods were called crisscrossing 
and rotation crossing 

Cn=scrossing calls for the alternate use of boars belonging to 
two breeds The pedigree of a pig bred by five generations of 
crisscrossing is presented m Fig 72 


Croaebred uva 
50% breed 2 


Oraerteedioet 
' S 2 H%breed 2 


Croeilnd son 
65N%l»«d2 

3iH% 1 


iiG 72 The method of procedure m crossing with two breeds (crisscross- 
ing) The approximate percentage of each breed represented m the re- 
spective generations of crossbreds is indicated 


Three or four breeds are involved in rotation crossing The 
pedigree of a pig bred b> five generations of rotation breeding 
with three breeds involved is presented in Fig 73 

Objection to the practicability of both of the above plans has 
been raised (Rice, 1942) on the grounds that it necessitates 
breeding almost exclusively from gilts Smee most market hogs 


Qotsbted ia*i 
50% breed 2 
50% breed 1 


Cronbred h>i 
50% breeds 
25% breed 2, 
25%UccdlJ 


62M%l»«dl 
25% breeds 
12K%U«d2 


Croeibred Kwi 

2 

31H% tfwd 1 


Cronlrrd «o«i 

stH% 5 
28M% 2 

UH%l«edl 


Fig 73 The metl od of procedure m crossing by the rotation of breeds 
T1 e approximate percentage of each breed represented in the respective 
generations of crossbreds is indicated 


are produced by gilts that objection is not a ‘^erious one Rice 
also states it seems questionable whether the generally 

le«s than 10 per cent advantage in rate and efficiency of growth 
in the crossbreds due to heterosis is great enough to warrant its 
wide adoption Perhaps the be«t answer to this objection is 
that since first recommended (1935) it has been generally ac- 
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cepted by swine producers and is widely used in the swme-pro- 
ducing area of this countiy Quaife (1946) reported the rec- 
ords made by the 100 master swine producers of Iowa for 1945 
He stated, “Crossbreeding was practiced by 90 out of the 100 
master swine producers, there being but 10 who raised straight 
breeds In most cases cross-bred sows of mixed breeding were 
used ” 

Any method whereby an increased production of 10 or 12 per 
cent can be gained by so simpJe a procedure as using a male of 
a different breed is well worth while in any industry It is the 
author’s opinion that not only in animal breeding but also in 
our entire program of improved agriculture, we shall need to 
take advantage of methods that yield only 5 per cent improve- 
ment or less 

The Iowa Experiment with Swine Lush, Shearer, and Cul- 
bertson (1939) reported on a crossbreeding trial that in many 
respects paralleled the Minnesota tiial Some of the data were 
gathered on litters from sows that were double mated, mated to 
a boar of her own breed and to a boar of anotlier breed, a litter 
thus produced therefore contains both purebred and crossbred 
pigs This procedure for studying crossbreeding has some ad 
vantages and some distinct disadvantages m execution It is 
practically impossible to carry out double matings in testing 
crisscross or rotation breeding The unevenness of distribution 
of crossbred and purebred pigs withm first-cross litters leads to 
difficulties of execution 

A summary of the results obtained in the Iowa experiment 
follows 

1 The percentage of stillborn pigs was less among the cross- 
breds than among the purebreds 

2 The crossbred pigs exhibited more Mgor at birth than the 
purebreds as shown by their ability to survive to weaning age 

3 The crossbred pigs averaged about 3 to 4 pounds heavier 
it weamng than the purebreds The crossbred fitters averaged 
heavier than the purebreds because the individual pigs averaged 
hcvvitr and because they averaged more pigs per litter 

1 The cros'brcd pigs ni ide more rapid gams m tlie feed lot 
than the purebreds The crossbreds gamed about 0 09 to 0 12 
pound more per dav Tins is slightly less than the advantage 
obtiincd in the Minnesota experuneot 




The summarj' of the rates of gam and feeds consumed per 100 
pounds of gam from weamng until finished for market is pre- 
sented m Table XXXII 

Both crossbred groups had a slight advantage over the York- 
shire v\hich had lovser feed requirements per 100 pounds of gam 
than the Chester Whites If, however, it is taken into account 
that the Yorkshires vs ere weighed out of the trial at about 20 
pounds lower weight than the crosabreds, the advantage m effi- 
ciency of the cro'sbreds is increased materially because, as the 
animal's weight increases, gains become more expensive 

Hutton and Russell make the following statements regarding 
their rcaults 

The Yorkshire and Chester White «ow8 producing crossbred pijs 
weaned more pigs iicr Inter than sows of the same breeds producing 
purebred pigs, and the crossbred were significantly beav^e^ at 
weamng than the purebred* 
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Table XXXII. A Summary of thb Gmks ano Feed ConsumP'tion 
IN THE US.DA Experiment 


(From Hutton and Russell, U S.D.A. Cxt. 532) 


Breed 


Averaae Weight j 

Aversge Cun 

Feed Consumed per 100 Pounds Gsoa 

No. of 
Hogs 

lutisli 

Pounds 

Finsl. 

Pounds 

Totol. 

Pounds 

j 

Duly, 

Pounds 

1 

Grain, 

Pounds 

Tank- 
1 sge, 
Pounds 

j Mineral, 
Pounds 

Total, 

Pounds 

Ywlsabwe , 

235 

40 1 

176 5 

136 4 

J 21 

352 4 

11 2 

1 1 2 

374 8 

Chester White 

130 

42 a 

191 2 1 

14$ 7 

1 30 

383 0 

17 1 

1 6 

402 7 

Yorkshire X 










Chester White 

229 

44 9 

197 5 

152 6 

1 35 

357 8 

11 9 ' 

I 3 

371 0 

Chester White 










X Yoikshue 

247 

45 3 

IQS 3 

160 0 

1 33 

35B 6 

10 6 

1 1 

370.3 


In the experimental fattening trials, the crossbred pigs made some- 
what faster and more economical gams than the purebred pigs 
The largest percentage of carcasses suitable for conversion into Wilt- 
shire sides was from the groups produced by Chester White dams 
mated to Yorkshire boars 

Although less desirable than the crossbreds, the purebred Yorkshire 
and Chester Whites yielded a considerable percentage of carcasses satis- 
factory for Wiltshire side. 

Other Studies of Crossbreeding Swine. Hammond (1922) 
in a study of hogs at the Smitlifield Livestock Show in England 
reported advantages in favor of the crossbreds. 

Callsen (1931) in a report on four swine-feeding experiments 
in Germany reported that the best feeding and fattening quali- 
ties were obtained from the healthy crossbred animal 

Whethain (1935) made a rather thorough study of tlie records 
of the Smitlifield Livestock Show for the years 1914 to 1933. 
The records showed that at a weight of 60 pounds the purebreds 
were slightly younger but at the heavier weights the crossbreds 
were younger. It was found in a study of the records of 1924 
to 1936 that the crossbreds gained an average of 1.2S pounds per 
day and the purebreds 1.21 pounds. 

Shaw and ^lacEwan (1936) reported an average weaning 
weight for 91 purebreds of 35.7 pounds in contrast to 39.4 
pounds for 700 crossbreds. In feeding trials 77 purebreds gained 



258 Crossbreeding 

an average of 1 15 pounds per day m contrast to 1 24 pounds per 
day for 325 crossbreds The feed requirements per 100 pounds 
of gam were 440 pounds for the purebreds and 429 pounds for 
the crossbreds 

Robison (1948) reported crossbreeding results from Ohio that 
are m accord with the findings at Minnesota and Iowa Three 
types of pigs were produced (a) purebred, (b) first cross, and 
(c) three-breed cross At 8 weeks of age, the three types of 
Utters, out of gilts, averaged 193 5, 187 5, and 240 7 pounds, re- 
spectively Litters out of sows at 8 weeks averaged 229 8, 259 1, 
and 246 0 pounds, respectively Two groups of three-breed 
crossbred pigs reached a 220-pound market weight 10 and 13 
days earlier than the purebred Duroc check lot pigs and required 
less feed per unit of gam 

Headley (1940) conducted four experiments with crossbred 
pigs m contrast to purebreds and concluded that “ the cross- 
bred Duroc-Poland China pigs made significantly greater and 
more economical gams than the purebred Duroc pigs " 

The Illinois Study of Crossbreeding Swine Carroll and 
Roberts (1942) reworked the data of previous studies on cross- 
breeding swme and concluded “These averages do not support 
the belief that hybrid vigor can be expected in the majority of 
crosses between breeds of swine ” 

They re-exammed each of the experiments reported by others 
according to the following standard ‘ For crossbreds to be judged 
beneficial, the performance of the crossbreds must excel the per- 
formance of the better of the two parental strains of purebreds ” 
The above is m keeping with the definition of hybrid vigor or 
heterosis reported by Lambert (1941) as chairman of the Com- 
mittee on Investigations of the Amencan Society of Animal Pro- 
duction The definition js “Heterosis (or Hybrid Vigor) The 
superiority over the better parent that is exhibited by the prog- 
eny This applies to the progeny from the crossing of strains, 
varieties, breeds or species ” 

Lambert's definition and Carroll and Roberts’ standard of ap- 
praising hybrid vigor are satisfactory where it is possible to 
make an ov er all measure of vigor The crossbred should show 
more vigor than the most vigorous parent if it is to be consid- 
ered an exhibit of hybnd vigor Unfortunately it is seldom pos- 
sible to obtain a satisfactory over-all measure of vigor When 
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vigor IS broken down into its various components, the above 
definitions become defective This point is sliown clearly in 
Powers’ study of hybrid vigor in the tomato (page 244) 

The above point is amplified m the following illustration Five 
major factors affect productivity or vigor as measured m com- 
mercial swine production, they are fertility, survival, rate of 
gam, economy of gam, and merit of the finished product For 
illustrative purposes we shall assume a cross between breeds A 
and B with the indicated values for each of the traits contribut- 
ing toward productivity 


Factor 

A 

Breed Group 

B 

AB 

Fertility 

80 

60 

78 

Survival 

60 

80 

76 

Rate of gam 

85 

70 

82 

Economy of gam 

92 

82 

90 

Merit of product 

70 

85 

84 

Average 

77 

75 

82 


From the above and from Powers’ results (page 244) it is per- 
fectly clear that the standard of measure used by Carroll and 
Roberts was in error The above values led Carroll and Roberts 
into an even more serious error in analyzing their data If, m 
two crosses of the same breeds, breed A is high in rate of gam 
in one cross the crossbreds are compared to breed A, but if, in 
the second cross, breed B is high the crossbreds are compared to 
breed B One example will illustrate the point In Table 5 
Illinois Bulletin 489, the following data are taken apparently 
from Roberts and Carroll (1939) 

Dailt Gain (Pounds) 

Faster Gaining SloiNer Gaining 
Pure Breed Pure Breed Crossbreeds 

1 50 1 45 1 58 

1 79 I 02 1 79 

From Roberts and Carroll's 1939 publication we learn that in 
one case the Poland China was the faster gaming breed with an 
aacrage daily gam of 150 pounds, and m the second case the 
Duroc made the faster gams (1 79) 

The above method of analvsis is somewhat akm to that of tlic 
golfer who ph>s two balls but counts only lijs better ball on 
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each hole The farmer cannot operate that way He has the 
choice of a breed or a crossing program He cannot take the 
Duroc one year because its rate of gam is high and the Poland 
China the next because ita rale of gam is high To use a sports- 
man’s expression, ‘ he must call his shote before he makes them " 
Furthermore the only ^ay the luestock producer can get the 
high fertility of one breed, the rapid and economical gams of a 
second, and the quality of carcass of a third is to use a cross- 
breedmg program 

Crossbreeding Beef Cattle The crossing of the beef breeds 
for the production of market animals has been a common prac- 
tice m Great Britain for a long time It has been practiced to a 
limited extent in this country Shaw and MacEwan (1938) re- 
ported on a study of crosses of Shorthorn X Aberdeen-Angus, 
Shorthorn X Hereford, Shorthorn X Galloway, Aberdeen-Angus 
X Hereford, Aberdeen-Angus X Galloway, and Hereford X Gal- 
loway In their study, for each cross cows of both breeds v, ere 
crossed tvith bulls of the opposite breed, and purebred animals 
of all four breeds were u«cd as controls Their results showed 
definite advantages in the crossbreds over their purebred rela- 
tives m rate of gam and m quality of carcass 


Tasle XXXIII ScuMART Rates op Gain while oh Feed 
AND Qualitt or Carcass Produced bt Beef Cattle 
or Difterent Breeding 


(From Shaw aod MscEwan. iSr* Affne ) 


Breeding 

1 Shorthorn Aberdeen Angus 

2 Hereford-Sborthom 

3. Hereford 

4. Aberdeen Angus 

5 Aberdeen Angus-Hereford 

6 HerefonMIallonsy 

7 Shortliom 

8 Sborthom*GaUoik ay 

9 Aberdeen Angus^Jalloway 
10. Galloway 


Average Daily 
Gain when on 
Feed, Founds 
1 82 
I 73 
1 67 
1 72 
1 72 
1 73 
1 77 
1 77 
1 69 
I 61 


Percentage of 
Top Grade 
Carcass 
86 4 
84 4 
84 0 
75 7 
67 8 
66 6 
65 2 
61 7 
45 7 
14 0 


Phillips, Black, Knapp, and Clark (1942) reported on the com- 
parative results of high grade Hereford steers and crossbred 
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steers out of Hereford females and by Shorthorn bulls As a 
study of hybrid vigor the expenmental procedure was obviously 
faulty, but if the problems of the western beef producer are 
taken into account the plan is satisfactory Grade Hereford 
cattle predominate in the West, a breeding problem the rancher 
then has to face is whether he shall continue to raise grade Here- 
forda or cross to some other breed or breeds A summary of 
the data on the results of the first two crops of steers is pre- 
sented in Table XXXIV 

Table XXXIV A Summaht- op Data on PoREiiaED and Chossbred 
Steers 


(From Philbps, Black, Knapp and Clark, Jr An Set ) 



1939-1940 

1940-1941 

Items Compared 

Purebred 

Crossbred 

Purebred 

1 Crossbred 

Number of steers 

29 

23 

38 

34 

Birth weight 

79 5 

83 2 

79 1 

84 8 

Age at weaning 

181 $ 

184 5 

1 180 3 

174 7 

Weanmg weight 

402 G 

429 1 

402 6 

416 8 

Final feed lot weight 

875 4 

927 6 

883 5 

968 3 

Feed lot gam 

472 8 

' 498 5 

480 9 1 

551 5 

Daily gam in feed lot 

1 68 

1 77 

1 81 ' 

2 08 

Sales w eight 

853 8 

902 8 

850 8 

927 6 

Cold carcass weight 

500 2 

536 8 * 

497 6 

558 8 

Dressing pec cent 

57 1 

57 9 

56 3 

57 7 

Slaughter steer 

16 8 

16 7 

16 0 1 

15 6 

Carcass grade 

16 6 

14 4 

15 9 

15 5 

Cost of feed per 100 pounds 





gam 

7 16 

7 12 

8 28 

8 18 

Sales price per hundredweight 

10 50 

10 34 

11 58 

11 64 

Sales value per steer 

89 37 

03 33 

08 57 

107 92 

Total cost of feed and marketp 





mg 

40 20 

42 44 

47 12 

53 08 

Itclums per steer 

49 17 

50 80 

51 35 

54 84 


It IS to be noted that the crossbreds excelled the purebreds m 
all respects except slaughter steer grade, carcass grade, and sales 
price The uNcrage feed-lot weight of both groups of crossbreds 
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was considerably heavier than the purebreds' If this factor had 
been taken into account crossbreds would show to still better 
advantage in feed cost per 100 pounds of gam and, at the same 
slaughter weight the carcass grades might have differed 

One of the most interesting points, and one of considerable 
importance is that the crossbred ‘•tetrs had definitely less di- 
gestive disorders than the purebreds (Table \XXV) 

Table XXXV PEncENTACE or Steer Dats in Which 
Digestive Disorders Occurred 


(From Phillips Black, IviiApp &nd Clurk Jr ^In ii^a ) 



1030-1910 

1040-1941 


Pureb ed 

Croeabted 

D Science 

Purebred 

Croetbred 

i P Serence 

ToCkl «t«er d«)-a 

Per eect of tteer dsye 

8 149 

6 463 


10 0 0 

9 010 


with (teere blotiUtL< 
Per cent of tteer dnye 

0 63 

0 09 

0 3» 

2 99 

1 31 

1 68* 

with eteere o9 feed 
Per cent of tteer dtys 

0 34 

0 74 

0 40* 

0 or 

0 04 

0 03 

with tteer* leotinog 

0 IS 

0 11 

0 04 

1 10 

1 OS 

0 OS 

Per cent of tteer dtyt 







with digeet ee die- 

1 31 

0 94 

0 37t 

4 le 

1 *5* 



•F<xoi tPaos 


Baker and Quisenberry (1944) report the comparative results 
on the heifers produced m the above experiment but developed 
as breeding animals (Table XXXVI) The data on the heifers 
contain more evidence of increased vigor than those on the steers 
The crossbreds were heavier at birth and at 18 and 30 months 
Furthemiore the crossbreds «cored higher on body confonnation 
Since for this trial data are not available on the straight 
Shorthorns we are not justified m ascribing the increase to 
heterosis As far as the western cattleman is concerned that is 
of no con'iequence He wishes to know Is it advisable for me 
to raise high grade Herefords or to cross? Heterosis and the 
means by which it is accomplished are fundamental problems, 
but the farmer’s and the ranchers questions regarding procedure 
require economic answers as well as biological ones 
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Table XXXVI Comparisok of Growth between Hereford 
AND Hereford X Shorthorn Heiferb 


(From Baker and Quiscnberry, Jr An Set ) 


Breed 

Hereford 

lleieford X Shortbora 

Year bora 

1939 

1940 

mean 

1039 

1940 

mean 

Kumber of sires used 

a 

3 


1 2 

1 2 


Number of heifers at 30 ino 

21 

34 


23 

30 


Average birth height lb 

, 70 7 

1 72 4 

74 1 

77 0 

77 1 

77 1 

Average nearung Meight lb 

388 8 

384 7 

386 3 

390 7 

395 7 

393 5 

Average days Vieaned 

178 1 

185 3 

182 5 

175 9 

177 5 

176 8 

Weamng ^ eight corrected for 







age at weaning lb 



370 9 



400 1 

Average gaia birth to weaa i 


312 3 1 





log per cent 

312 1 


312 2 

313 7 

1 318 5 

316 4 

Gain birth to weamng cor 


1 

1 




rected for age per cent 



305 5 



323 4 

Average weight at 18 mo . per 







cent 

737 9 

717 9 

725 5 

76S S 

784 6 

776 4 

Average weight at 30 mo . per 





1 


cent 

1 090 8 

1 024 4 

1 049 7 

1 163 4 

1 118 0 

1 137 7 

Average gam weaning to 30 





1 


oio t per cent 

702 1 

G39 7 

CC3 5 

772 7 ^ 

722 3 

744 2 

Average body score yearling, 







per cent 

G9 6 

72 0 

71 6 

73 6 

77 1 

75 6 


Crossing Beef Cattle for Adverse Climates. Rhoad (1938) 
reported some interesting and valuable information on crosses 
between the Aberdecn-Angus and Brahman cattle The pure 
Aberdeen-Angus and three-quarter-bred Aberdeen-Angus were 
influenced more by high atinosphenc temperatures than the pure 
Brahman or halfbreds The first two groups showed a greater 
respiration rate pei minute and a higher body temperature The 
greater heat efficiency of the Brahman showed partial dominance 
A study of the grazing habits sliowed that the Aberdeen-Angus 
and three-quarter-bred Aberdeen-Angus utilized less total time 
m grazing but grazed more frequently than the halfbreds and 
full Brahman 

The high atmospheric tempcratuie did not influence the rumi- 
nation of the purebred and halfbred Brahman, but the purebred 
and three-quarter-bred Aberdeen-Angus often ceased ruminating 
wlicn tlie temperature became very high 

Rlioid and Black (1943) made a study of hybrid beef cattle 
for the Gulf Coast region The Brahman was crossed with 
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Angus, Shorthorn, and Hereford The authors state, “Hybrid 
cattle with one-fourth to one-half blood of a Brahman breed 
and the remainder from a Bntish breed have demonstrated un- 
usual ability to produce beef from grass ” The crossbreds were 
superior to the straight Brahman m carcass quality and to the 
Bntish breeds m ability to resist the high humidity and tem- 
peratures 

In the above-mentioned studies it was demonstrated that the 
hybrids were inferior to one of the parental breeds m most char- 
actenstics, yet, as an animal suited to the Gulf Coast region, the 
hybrids were distinctly supenor to both It is not unlikely that 
other wide crosses might produce hybrids better suited to special 
regions and climatic conditions 

Crossbreeding Sheep Miller (1935) conducted a crossbreed- 
ing trial with sheep on much the same basis as the United States 
Department of Agriculture conducted their trial with beef cattle 
Rambouillet ewes are generally recognized as the basic sheep for 
the western range 

One portion of the expenmcnt was a comparison of the ments 
of Rambouillet ewes with Romney-Rambouillet crossbreds The 
second portion was to determine the best type or breed of ram 
to be used for crossbreeding 

For their range conditions the crossbred ewes were less satis- 
factory than the Rambouillet The Rambouillet ewes bred 
earlier in the season (an average of 21 days), a distinct advan- 
tage under their range conditions The Rambouillet ewes had a 
higher percentage of twins Tlie death loss was higher among the 
Iambs out of Rambouillet ewes, but they still averaged more 
lambs raised 

Hampshire, Suffolk, Shropshire, and Southdown rams were 
crossed with both types of ewes, and also the Romney and Ram- 
bouillct were used on Rambouillet ewes A summary of produc- 
tion records by rams used is presented in Table XXXVII The 
lambs out of the crossbred ewes were handicapped by being 
joungcr when taken off trial Under circumstances in which it 
was not es'^ential to have early lambs, the results w ould probably 
ia\e been somewhat reversed, because their daily trams were 
higher 

Of sires Miller states, ‘ Sires of the larger breeds, namely, the 

ampshire and Suffolk, produce lambs weighing from 6 to 8 



Crossbreeding Sheep 


265 


Table XXXVII Weight, Age, Daily Gain, and Value pee Lamb, 
PouNDB OP Lamb Pboduced ier Ewe 

(From MUler, Colt/ Bui 59S) 



1 Num 

ber 

1 Average We ght of Lambs 

1 Founds 

Average 

Age 

Lamb 

Days 

1 

Average 

Daily 

Gain 

Pounds 

I Pounds 
Lamb I 

Ap. 

praised 

Value 


of 

Lambs 

Birtb 1 

1 

Final 

1 per 

1 Ewe 1 

1 1 

per 

Lamb 


Oroup A RambouiUet Ewea Six Year Average 


Hampshire 

141 

10 0 zb 0 11 

77 0 dz 0 68 

121 0 

0 548 

99 0 

6 71 

SufTollc 

138 

10 4 ^ 0 10 

78 3 zt 0 76 

1^ 3 

0 564 

96 S 

6 51 

Shropshire 

135 

9 8 d:0 10 

72 9 d: 0 67 

116 8 

0 540 

87 9 

6 46 

Southdown 

141 

9 5 zb 0 ll 

70 4 dz 0 67 

118 1 

0 515 

88 7 

6 00 

Romney 

89 

9 6 zb 0 13 

70 0 dz 0 81 

115 0 

0 525 

84 2 

0 00 

Rambouillet 

140 

9 0 zb 0 10 

70 7 ± 0 62 

119 9 

0 509 

92 1 

5 52 


Group B Rotcuiey HambouiUet Ewes Four>Year Average 


Hampahire 

96 

10 6 ±0 17 

69 5 ± 0 92 

95 8 

0 615 

S3 5 

5 91 

Suffolk 

100 

10 3 ± 0 13 

09 3 ± 0 85 

96 2 

0 612 

87 6 

6 17 

ShropsWe 

103 

9 4 dzO 11 

62 6 ^ 0 91 

94 4 

0 563 

SO 6 

5 06 

Southdown 

102 

9 1 ±0 13 

00 4 d: 0 67 

92 4 

0 555 

77 0 

5 36 


pounds more at 3% to 4 months of age than sires of the smaller 
breeds such as the Sliropshire and Southdown ** He is in accord 
with Winters et al (1946) “The effects of crossbreeding on 
productivity were most favorable when rams of the larger breeds 
were used ” 

In the final sale of the California lambs the carcasses of the 
Southdown and Shropshire crosses brought a somewhat higher 
price than the Hampshire and Suffolk crosses In final returns 
per carcass the ranking was Hampshire, Suffolk, Shropshire, 
Southdown, and Rambouillet on the Rambouillet ewes The 
ranking of rams on the crossbred ewes was the same except that 
the Southdown surpassed the Shropshire 

Winters et al (1946) made a study of methods of appraising 
productivity in sheep The productivity of Shropshire eues was 
increased an average of 12 per cent by breeding to Hampshire 
and Columbia rams The productuity of grade Rambouillet 
cues Mas increased 14 per cent by mating them to Leicester and 
Hampshire rams in contra‘st to rams of the smaller Cheviot breed 
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The abo\e results indicate again that all the benefits of cross- 
breeding ina> not arise from hybrid Mgor, at least m the more 
common understanding of that tenn 

Crossbreeding Dairy Cattle Rcc<l (1916) reported marked 
increased production in dairy cows as the result of crossbreeding 
The cro««es made ^^cre 

Red Dane X Guernsey 

Holstein X Jersey 

Jcn>ty X Holstein 

Jersc) X Guernsey 

Red Dane X Jersey 

Holstem X Guernsey 

Jersey X (Red Dane X Holstem) 

Hobtcia X (Red Dane X Jersey) 

The summarized results of the study are given m Toble 

\xxvni 

Table XXXVIII Dairv Productios or Pahestal Stock ano 
Their Crossbred Davciiters 

(Data from Reed Country Ctnluimn) 


Breeding 

Pounds 

Per <X:Dt 

Founds 

Purebred 

10 416 

4 53 

4o3 

Crossbred 

13 003 

4 62 

609 

Increase 

2 570 

0 00 

146 


25% 

2 

32 


Proved sires were used in Reeds «tudy he mentions one ani- 
mal in particular whose daughters of his own breed had an in 
create of 43 pounds of butterfat but who'=e crossbred daughters 
had an increase of 220 pounds over their dams The whole ex- 
penment shows a rather unusual increase in production as the 
result of crossing breeds This however is not surprising be 
cause at least some of the dairy breeds have been kept sep- 
arated for a long time and they possess many differences in super 
ficial characteristics Both of the above provide possibility for 
genetic differences in production and hybrid vigor is dependent 
on genetic differences 

Crossbred Poultry In a rather comprehensive study of cro«s- 
bred poultry Warren (1927 and 1930) found that m general 
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crossbreds were superior to purebreds The Singlecomb White 
Leghorn- Jersey Black Giant crossbreds were superior to the two 
purebreds in all measurements of vigor The Singlecomb White 
Leghorn-Singlecomb Rhode Island Red crossbreds were in gen- 
eral superior to the purebreds, but m a few respects the cross- 
breds only equaled the superior of the two breeds involved In 
chick mortality and rate of growth, both the crosses of Single- 
comb White Leghorns by Barred Plymouth Rocks and of Single- 
comb Rhode Island Reds by Barred Plymouth Rocks were su- 
perior to the purebreds 

The average egg production of the White Leghorn was about 
175 per year, that of the Black Giant about 160, and of the 
crossbreed of the two about 200 In a cross of the White Leg- 
horn with the Rhode Island Red the production of the purebreds 
was given as about 212 and 169, respectively, with 215 for the 
cross of Leghorn male on Rhode Island Red females and 197 
for the reciprocal cross 

Strains within the White Leghorn breed also were crossed 
The average winter egg production for the two strains was 79, 
and the average for the two types of crosses was 90 5 
As a result of his studies Warren states. 

To the average poultry breeder it may appear mconsistent to sug- 
gest the practice of crossbreeding after years of proclauning the gospel 
of pure breeding The use of the pure or standard-bred fowl was 
urged because it had been improved by skilled breeders and made a 
more productive and uniform market animal, and when comparing the 
pure bred and the mongrel alf these advantages exist However, the 
h>brid fowl, except for color in a few crosses, is more uniform than 
most standard breeds and in vigor and productiveness it is superior 
to the breeds used in its ongm The work m plant breeding would 
indicate that the best results may be expected from crossing of breeds 
and \aneties that ha^e survived a penod of breeding toward a defi- 
nite standard The utilization of the hybnd is not a reversion to the 
old system of promiscuous breeding, but the adoption of a system which 
IS of value only when well-bred standard fowl are available The poul- 
try man, noted for his exact standards, has built up breeds and varieties 
that provide favonble matenai for crossbreeding If the use of cross- 
breds becomes Widespread it will not mean the reversion to mongrehza- 
tion of the fowl, but will place a premium upon well-bred pure breeds 
It will have a tendency to place poultry breeding m the hands of the 
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Mchrhof, Wanl, 'ind Moore (1915) iinde a bludj of the fat- 
tening qualities of purebred and cro--brc<l cockcrch The cro-*:- 
oreds tsere heavier than the purebaxU at 10 weeks, and, with 
the exception of one cro-^s, the White I cghom X /"’i (Hhotle 
Island Red X I ight Sufc^cx), they were heavier at 12 weeks In 
feed utihzation tlic crossbreds rebulting from Hho<le Inland males 
on Light Suh*-e\ fern lies was most efliciint The addition of 
White Leghorn breeding to the Uho<Ic Nl ind Ue«l, to the ^\ hitc 
Su‘>‘'e\, or to the cross of the two lowered the ellicicncj of feed 
utilization 

Dudlej (1914) studied the ciTects of cro'smg the Uhoile Island 
Red and White Leghorn breeds of puultr> The crossbreds had 
a lower mortalitj, reachc<i egg proiluction at an earlier age, and 
had a higher annual egg production 
Inbred Lines for Crossing Since 1937 considerable cITort 
has been directed to the development of definite inbred lines with 
the expectation that tlic> would cro'^s to better advantage than 
the so-called old standard breeds The assumption has been that 
'omc of the less desirable genes should be chmmated b> inbreed- 
ing and that, if lines with higher degrees of genetic purification 
are used, the results sliould be more consistent 
The results (Winters ei al 1014 Dickerson Lush, and Cul- 
bertson, 1946, Sicrk and Winters 1951 Chambers and Whatley, 
1951, and Hetzer. Ilankms and Ztllcr 1951) are encouraging 
as regards the possibilities of iraproiing the production of cross- 
breds through the use of eupenor inbred lines Dickerson, Lush, 
and Culbertson crossed inbred lines of Poland China hogs and 
obtained loner mortality ,n the crosses both before and nflcr 
birth until at 5 months it amounted to 42 per cent The crosses 
if iTk 21 days, but at 

ron^ hca™ P''’ 

<1W4) crossed inbred lines belong- 
feint *h China breed and mbred lines belonging to dif- 

and dafT » data 

nd data from a previous study of breed crosses yielded an csfi- 
mated increase m vigor as followa 
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Inbred Lines for Crossing 

Cross Advantage, Per Cent 

Outbred breed crosses 

First cross 6 3 

Back cross 7.5 

Three-breed cross 11,7 

Line crosses 

Within breed 10 6 

Between breeds 19 9 

The above data were verified m a later study by Sierk and 
Winters (1951), the later study was the result of the analysis 
of considerably more data than were included in the above A 
still later and more comprehensive study by England (1952) is 
in accord with the above 

The results indicate, as expected, that the crossing of inbred 
lines belonging to different breeds may be expected to yield more 
hybrid vigor tlian lines belonging to the same breed This is in 
keeping with results obtained m corn breeding by Hayes and 
Johnson (1939) and Johnson and Hayes (1940) Hybrid vigor 
IS dependent on genetic diversity, and in general more genetic 
diversity may be expected between lines of different breeds than 
between lines belonging to the same breed If this were not true, 
it would be necessary to conclude that the past effort put into 
the breeds had been a failure because there had not been sufficient 
genetic differentiation of the breeds to make their classification 
as separate breeds worth while 

Chambers and Whatley (1951) reported on crosses of inbred 
Duroc lines of swine They reported that the three-hne-cross 
litters averaged nearly 350 pounds heavier than the outbred lit- 
ters at 6 months of age The authors came to the conclusion 
that selected inbred lines may be used in crosses to raise the level 
of performance 

Hetzer, Hankins, and Zeller (1951) reported on first crosses 
between six inbicd lines of swine dexeloped at the United States 
Agricultural Research Center at Beltsville, Maryland The in- 
bred lines used had been developed from cro'^sbred foundations 
iiuohing seven older breeds, namely, Danish Landrace, Danish 
Yorkshire, English Large Black, Chester White, Duroc, Hamp- 
shire, and Poland China Tlicy report as follows: 

Crosses exceeded inbreds by 1 2 pigs per litter, or 14 per cent, 
at birth, by 1 7 pigs, or 27 per cent, at 21 days, and by 1 7 pigs, 
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or 20 per cent, at oG (la>s Thcrclorc, both prenatal ami post- 
natal Mabihty ^\erc higher among cro-scs than among inbrc<ls 
In litter weight, cros'cs cxctctltd inbrcds bj 2 I jiounds, or 10 
per cent, at birth, b> 17 9 pounds, or 2S per cent at 21 dajs, 
and by 64 pounds or 10 per cent, at \uamng In iinh\jdual pig 
weight, difTcrenccsi in faaor of crosses were 03 pound, or 3 per 
cent, at 21 di>a, 2 7 poumls, or 10 jicr cent, at 36 da>s, 0 6 
pounds, or 8 per cent, at 98 dajs, and 03 jwumls or 6 }>cr cent, 
at 140 days Carcass data showed that crosses hail a blightl> 
higher dressing percentage, a slightly lower >jeld of lean cuts, 
and more fat than inbrcds 

\\hen the performance of the cro«‘-es was adjusted to corre- 
spond to that of cros cs between non-relatcil inbred lines the ad 
aantages in their faaor were gcnerall> higher than were indicated 
b> the actual ccaults Thc'-c rc«vi!t» agree w ith the \ lew held by 
most workers that, the lower the rcIation‘‘hip between inbred 
lines the higher, in general, is the pcrfonnancc of cro«‘'Cs be- 
tween them Tlic results also agree with pubb^hed data m that 
the cro*‘Ses exhibited a proportion ilcly greater ad\ anlagc in hlter 
«ize or Mability than m rate of growth 

Characteristics of Breeds or Line for Use in Crosses Of 
the two rather fiJiarjily contrasted news roganiing the traits that 
should be possessed bj lines or breeds to yield optimum results 
in crossing one is that the breeds or lines should differ m their 
possession of economic charactcnslic« According to this view, 
a desirable cross m swine would be to cro«3 a line relatuely low 
m fertility and carca‘-s qualit> but high in rale of gam and effi- 
ciency of gam with one that was supenor in fertility and carcass 
quality but deficient in rate of gain and tflicienc) of gain, the 
\ lew being tliat desirable genes arc for the mo<>t part dominant 
Therefore bnngmg together breeds or lines 'harplj contrasted 
in the possession of desirable cbaractcnstics would result in each 
complementing the other and the crossbreds tending to pos'css 
the desirable traits of both parents This view is de\ eloped 
largely around confidence m the dominance of desirable genes 
and traits oier undesirable 

Weaknesses m the abo\e view are First, it may be loo diffi- 
cult and expensue to maintain breeds or lines that are markedly 
deficient in any one economic trait A breed or line that is defi- 
nitely weak m any one of the major economic characteristics be- 
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comes a very difficult and expensive stock to maintain The 
point at which the benefits from crossing are not sufficient to 
offset the expense of line maintenance can easily be reached A 
second weakness m the above theory is that it rests upon the 
assumption that the dominance of desirable genes and charac- 
teristics IS the major point of consideration in obtaining the 
maximum desirability in crosses This may or may not be true 
It IS, however, perfectly clear that additive genetic effects and 
genic interaction are of considerable importance To completely 
separate the effects of dominance, additive gene effects and genic 
interaction is difficult if not impossible Nevertheless the above 
theory lays major emphasis on the possession of blocks of domi- 
nant genes affecting desirability 

The second theory is that maximum desirability in crosses is 
more likely to be achieved through the crossing of breeds or 
lines, each of which possesses a maximum of desirability for all 
traits desired in the hybnd It needs to be recognized, however, 
that breeds or lines of this kind may not possess as much desira- 
bility in any one trait as is possessed by a breed or line that has 
been developed more specifically for one or two characteristics 
On the other hand, there is scant evidence of physiological an- 
tagonisms between many desirable characteristics in farm am 
mals If the breeds and lines now available do not possess gene 
complexes that provide maximum desirability within a given 
line or breed (not the maximum that is to be achieved in the 
hybrid), then it is the job of the breeder to build up, through 
reorganization of the genes, gene complexes that will better 
achie\e these ends 

A distinct advantage m the second view is that it is much 
cheaper and easier to mamtam a breed or line well balanced in 
desirable characteristics than one that is markedly deficient in 
one or more characteristics This is a major consideration m 
the practical application of crossbreeding 

The '>econd theory contends that, if two breeds or lines pos- 
sess as much of the desirable as possible in each of the economic 
characteristics desired but differ in superficial traits, there is 
rea''OU to expect that crosses of such lines will, for tlie most part, 
proxe dc^iriblo The assumption in this tlieory is tliat genes for 
dc‘<irable char ictcnstics arc linked with genes affecting super- 



272 Crossbrtcding 

ficial traits In some cases the «ainc genes ma> botli pur- 

po cs It 13 a well c<itabli'«hni fact that nneloinorpliic senes of 
genes arc to be found in all species Some of thc'-e allelomorph'j 
may differ, >et be of c<-»cnti illy equal a jIuc Further, the genca 
affecting superficial trails ma> be cxjicctcd to be linked with 
«oine genes that are Qut«t imhngly effects e m ‘•timulating dc'-ir- 
able characten'tics and others that arc rather mciliocrc in their 
effects Thus, by bringing together, for instance, a cro'-s of 
black faced «hcep with white-faced «hcep, diffcrtnt genes for 
growth or Mgor as a whole ma> Ikj linked with the white face 
on the one hand and with the black face on the other The 
result, therefore, would be that the crO'«brcd would obtain an 
increase in vigor The view i« that this tjpe of cros‘‘ing offers a 
greater opportunity for increased proiluctiv ity than the one men- 
tioned above To date the mo'-t dc«irable results from cross- 
breeding have arisen from the crossing of breeds or lines that 
were superior thcmseUcs and well balanced in supcriontj 
The author holds to the second view and is pointing his own 
rc«earch program toward the development of lines and breeds so 
that each will possess as much desirability for each economic 
characteristic as can he bred in them but so that the lines will 
differ as much as pos«ibIc m superficial traits 

General Consideration of Crossbreeding for Market Pro- 
duction There is a great quantity of scientific information 
showing that, in general, the hybrid state is conducive to in- 
creased vigor There are <hfferencc8 m hybrids and not every 
hybrid is superior, but we may expect the best performance from 
hybrids 

The above reasoning has not been completely accepted m 
Amcncan livestock circles but it has gamed ground greatlv dur- 
ing recent years An argument frequently advanced is that 
nothing m Incstock is comparable to the inbred lines of com 
However, Reed (1946) states 

There is some similanty between present purebred cattle and the m 
bred strains of com used m producing hjbnd com After all, the 
closed herd book with registered aiumala tracing their lineage m a 
breed back to a common ancestry, and with development of the 
breed by selection of top animals means that purebreds in the Umted 
States have become to some extent inbred strains 
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The methods by which the breeds were developed has differed 
markedly from those by which the old lines of open-pollinated 
corn were propagated The pedigreeing of livestock is admit- 
tedly not perfect but even at its worst it is far different from the 
situation that is general in open-pollinated corn 

The critics of crossbreeding advance two arguments the breeds 
do not differ sufficiently and do not carry enough purification to 
make crossbreeding worth while, the breeds have been devel- 
oped by painstaking care through the many years and cross- 
breeding ^\lll tear this down 

The two arguments are not compatible either the breeds have 
been separated genetically and some degree of purity achieved 
or they have not If they have been, we have a right to expect 
a corresponding degree of hybrid vigor when at least some of 
them are crossed If, on the other hand, after all these years 
they have not been separated genetically and no degree of purity 
has been achieved, nothing has been accomplished, and there is 
nothing to lose The evidence indicates, however, that some- 
thing has been accomplished m the development of the breeds 
and that, generally, the breeds do cross to advantage The evi- 
dence gained from crossbreeding studies is the best proof that 
something has been achieved in the development of the breeds 

The fear has been expressed also that crossbreeding would de- 
stroy the purebred market If we may judge from the experience 
of com breeders we have reason to expect a noticeable increased 
demand as the result of crossing In swine this result has already 
occurred Winters, Kiser, Jordan, and Peters (1935) stated 

The good purebred sire is tlie basis for the improvement of swine or 
any other class of commercial livestock This is equally true of the 
methods of breeding swine proposed in this bulletin Crossbreeding 
will not solve any difficulties nor contribute anything to constructive 
pork production unless good sirco are used [This is in perfect accord 
with Reed’s 1946 report on crossing dairy cattle ] The purebred breeder 
has nothing to fear from the proposed methods of breeding swine In 
fact, he has much to gain Man> farmers are still using grades Farm- 
ers who follow one of the methods of crossbreeding outhned herein 
will utilize purebred sires m the practice, hence an increased demand 
for purebred sires should follow 

Wallace (1938) was tlimking along similar Imea when he ex- 
pressed the view that m the future it would become the function 
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of certain purebred breeders to mamtam hnebreil '‘trains of '^wuie, 
the combining abilities of which had been pro\ed b% te~is Thus 
the practical fecd*lot fanner would draw continualU on the pure- 
bred breeder for new bre-e<hng ‘•lock The purcbrcii brctnlcr 
under such a ‘•■>stein would ha\c a far more nnjwrtant function 
to perform than he has at present 

The opinion is often \oicci] that the cro-^ing of brcc<ls doca 
not alwajs result in incrca.e-d vigor, becau c the breeds lack suf- 
ficient genetic puntj Thu opinion iinmtams, therefore, that 
it IS unwise to advocate cro-sbrcwhng Thu view however, iua> 
be countered with the quer>, what s>-tcm of mating can be rec- 
ommended that will alwa>s give ‘•atufactory re-*ults’ Everj cx 
ptrienecd •■tockinan knows that in cither grading or purebred 
breeding he fre<iuentl> makes inating:» the results of wbicb are 
not so satisfactory as be hoped or expcctcil Therefore, if 
general a system of crossbrcciling gi\os better results than the 
same bloodlines when not cro«*«cd, it u logical to advocate cross- 
breeding 


Whether crossing will be profitable or not and wlnt ^jstem 
of cro sing will be u'-cd will ilepcnd not only upon the amount 
of added vigor resulting from the cro«s but iKo upon how the 
system of crossing fits into the farmers general scheme of 'tock 
raising and management Poultry breeding is rapidly falling 
into the general pattern set for the production of hybrid com 
loultry u well adapted to thu plan of procedure 
In breeding swme it is very easy for the fanner to follow 
continuous crossing provided that he retains only gilts for breed 
crossbrtuhng will al«o work satisfactorily if 
w h™ olJ sow. ort rtUmeJ tor broedme no pits sro rotnmed 

sLs ‘"O 

sows snd tilts cm be used at the «tinu tunc 
The sow cariits her pits about 110 days and niiises them 
about 56 days alter b.rtli Thus tor about 172 dtys the young 

.ncnTand oil or'’'''' '"other tor noL.sh 

tl,r „ 1 , '■B"'' “'i'letl to the dam from 

v L Td •>* ■"““‘""t n factor as the hybnd 

vigor m the aurrkot animals thcmschcs 

^ yiyssLg'sy’tim'tlmJ'" ™ *° develop ■> 

/ y by that will oiKrato as smoothly as tor hogs, be- 
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cause it IS impossible to make a complete turnover of breeding 
stock in any one year In spite of this handicap many commer- 
cial producers are working out their own schemes of rotation 
The author has visited seveial flocks of sheep (farm as well as 
range) where the breeder was following a somewhat continuous 
crossing program The interesting obseivation was that on the 
basis of appearance they were holding type much more uniformly 
than might be expected Crossing has been worked out very 
successfully with sheep by many of the larger ranchers because 
they are able to operate, at least so far as breeding is concerned, 
several flocks 

Another method used successfully by many farmers is copied 
from British practice The female stock is purchased and mated 
repeatedly to a male of a different breed until they are worn 
out, then a new group of females is purchased An advantage 
of this system is that the turnover within the herd or flock is 
much greater than where females are grown out to replace aged 
females A disadvantage is that this practice is an excellent 
means of spreading disease and parasites 
In summary it may be stated that crossbreeding is a sound 
method of breeding commercial livestock It, however, is not 
any more foolproof than most things m life Some crosses are 
better than others One method may be best suited to a par- 
ticular class of livestock and to certain economic conditions A 
blueprint of recommended hybrids and varieties for certain areas, 
comparable to that com breeders and horticulturists have worked 
out, has not been developed Since there is so much intergrada- 
tion in livestock production, it is doubtful if as systematic a 
scheme can be developed for luestock There are two general 
rules that can be followed with a high degree of success m cross- 
ing for commercial production (1) feed superior purified stock 
into the cross, and (2) keep the crosses wide genetically The 
first capitalizes on additne gene effects, and the second on the 
dominance of linked factors and gene interaction 

New Breeds from Crossbreds. The development of new 
breeds from crossbred foundations is as old as the breeds them- 
sches, for it IS difficult to find a breed that does not rest on a 
crossbred foundation of bomc sort The Arab horse is perhaps 
an exception but we cannot be certain even of that 
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Fid 75 A mature Targhee ram another new breed developed by the U S 
feheep Experiment Station DuboiE loaho (Courtesy U S Sheep Experi- 
ment Station ) 
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The Oxford Down breed of sheep rests on a cross of the Cots- 
■wold, Hampshire Down, and Southdown It was until recently- 
looked upon as one of the young breeds, but recently the Corne- 
dale and Columbia have been added to our breeds The Corne- 
dale was developed m New Zealand from a cross of Lincoln and 
Leicester rams on Merino ewes The Columbia was developed 
by the United States Department of Agriculture from a cross 
of the Lincoln and the Rainbouillet 



Fia 76 Sania Gertiudis cattle (Coiutesy oi Kmg Rnnrh ) 


The Santa Gcrtrudis is a relatively new breed of cattle de 
\ eloped the King Ranch from the Brahman Shorthorn cross 
This new breed is cherry red, possesses lots of scale, matures rap- 
idly, has a broad deep body, and tlin\es under tlie climatic con- 
ditions of southern United States, where the European breeds ex- 
perience gre it difficulty 

Several new breeds of hor'CS have been brought out during re- 
cent years (Fig 77) Some of the breeds have come through a 
long procC'S of development and others are scarcely removed 
from the crossbred state The number of >e\rs or number of 
generitions, however, b> which a breed is removed from the 
foundation cross is not a surer gu irantcc of its purity th ui a 
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man’s age is a measure of lus knowkclgc, in both the final evalu- 
ation IS dependent upon v\h it was done witli the lime 
Several new inbred lines of livestock (chicll) swmc and sheep) 
have been developed, others arc m the process of development 
Their development is di cus'-ed in Chapter XIX 



Fia 77 A TeancMce Walking Horse a recently dc^ eloped breed 


The fundamental reason for developing additional breeds from 
crossbred foundation^ is tlic opportunity for reorganizing gene 
associations However because a breed has been developed re 
cently in that manner there is no reason for believing it to be 
superior some new gene groupings will yield inferior results 
There can be no doubt however that the Santa Gcrtrudis was 
developed by taking some genes from the Brahman and some 
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from the Shorthorn and putting them into such an association 
that the new combination of genes served a specific purpose bet- 
ter than either of the old This method of improvement appears 
to offer the greatest opportunity for lapid genetic change and 
advancement It, after all, is only the utilization of the animal 
breeder’s three tools — ciossbreedmg, inbreeding, and selection 
It has been quite generally assumed that the improvement of 
wild animals was accomplished primarily by selection and puri^ 
fication More recent studies of population genetics indicate that 
Wild populations through natural selection tend to develop what 
may be called a genetically balanced degree of heterozygosity 
A rather high degree of phenotypic uniformity is achieved, and 
certainly some genetic purity is attained Nevertheless, consid- 
erable heteiozygosity is retained, and possibly actually attained, 
through the general tendency of natural selection to favor the 
more vigorous individuals, which possess considerable hetero- 
zygosity 

In man’s early migrations, he, undoubtedly, induced many 
crosses unwittingly Later many crosses were made intention- 
ally Both of these types of crosses led to still greater heterozy- 
gosity It IS doubtful if, during tlic development of the breeds, 
sufficient purification has resulted from selection and the breed- 
ing from within to more than slightly offset the effect of the 
previous crossings In absolutely no way, of course, can the 
above conjecture be proved or disproved The development of 
our modem breeds therefore appears to have resulted to a large 
extent from induced heterozygosity, which was followed by selec- 
tion for type, with some breeding from within a rather large 
closed population This resulted m some purification of the germ 
plasm, but probably, m the end, resulted in a considerable degree 
of balanced heteiozygosity Crossing evidence indicates, how- 
ever, that, m spite of each breed’s possession of considerable 
heterozygosity, tlie breeds, for the most part, differ sufficiently 
so that, when they arc crossed, incrcascd vigor results 
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Purebred Breeding 

For many years American thought regarding animal breeding 
has been largely dominated by the purebred philosophy The 
general substance of the theory is that there are differences in 
purebreds but that the purebred by virtue of being a purebred 
IS superior to animals bred otherwise The theory goes even 
further and would have other stock replaced by purebreds if 
possible otherwise by grades 

Most of the breeds were developed to fill an economic need 
During the period of agricultural expansion almost any registered 
animal was an improvement over the common run of farm am 
inals Furthermore during this expansion period the chief need 
of the country in livestock improvement was more and more 
purebreds especially sires During and shortly after this phase 
of the livestock industry m America the jiurcbread philosophy 
of animal improvement served the needs of the industry But 
with the passing of expan ion it has become increasingly im 
portant to find and develop methods of breeding focused on 
increased usefulness 

Producing Purebreds a Business Usually farmers become 
purebred breeders m order to make a profit In this respect the 
industry docs not differ materially from other industries In an 
analysis of the problems of improvement the profit motive 
should be kept in mind for unless the farmer can make a profit 
from his purebred business there is little reason for his engaging 
in it The need to make a profit from his enterprise naturally 
causes him to be «omcwhat conservative about initiating changes 
in his breeding and sales practices 
Methods of Breeding Purebreds Breoderb have differed 
widely m their methods of breeding Some breeders have for 
years followed line breeding A few have inbred rather closely, 
and still others have occasionally inbred and followed inbreeding 
280 
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with outcrossing But in general the popular method of breed- 
ing has been that of phenotypic selection which has been based 
largely on show-ring winnings As pointed out m Chapter XII 
this method is not complete phenotypic selection because per- 
formance IS also a part of phenotype In dairy cattle, produc- 
tion records have received consideration along with the show- 
ring winnings but production records have too often been badly 
warped owing to forced records and failure to include poor rec- 
ords Pedigree also has influenced selection but the estimate of 
a pedigree is based largely on the show-iing performance of 
the ancestry In general it may be stated that the show ring has 
dominated breeding policy 

The argument is frequently advanced that the show ring 
should dominate until better methods are developed But m too 
many instances those who have advanced the argument have 
been not only reluctant but also opposed to testing by experi- 
mentation this philosophy with newer philosopliies of animal im- 
pro\eraent Furthermore, when experimental evidence has been 
presented to show other methods by which improvement can be 
made, the experimental evidence has been rejected too often in 
favor of opinion 

Ideals Set by Show Ring The chief way in which the show 
ring aids in livestock improvement is by tending to keep breed- 
ers informed about what is considered correct in type 
Secondly the winning of prizes makes good advertising Un- 
fortunately this inducement has become the chief reason why 
many breeders exhibit stock 

Show Ring Often Misleading. Unfortunately the show ring 
IS in many ways misleading Block-type animals are overloaded 
with fat Alany animals become infertile as a result of the over- 
conditioning and the unfavorable environment they live m while 
being prepared for the show and while on the show circuit 

A serious criticism of show standards is that they are usually 
arbitrary A logical method of setting type would be according 
to the type that best performs the task for which it is bred If 
a certain tjpo of beef cattle is most efficient in converting feed 
into edible meat and at the same time produces the most valu- 
able carca’^s, tho-'O qualities should detenninc tiie type desired 
In like fashion, if a sow is of correct type when she reaches 
market weight, wc should not ask that she retain those same 
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proportions the rest of her life It -nould be more fitting to study 
the changes in proportions during the animal’s entire growth 
period and to let those that are of correct t>pe when at market 
weight set the type for the early and the later periods of life 
There is no reason why the 600-pound <ow should have the same 
proportions and lines as a 200-pound gilt If the 600-pound 
sow was correct in type when she weighed 200 pounds and is a 
producer of the right kind of 200-pound progeny, then she mu-^t 
be the correct type cv en if she does not conform to the standard 
set, often she does not 

Some care needs to be taken in setting type even by the method 
suggested above, for it is possible tliat different lines of breed- 
ing may approach the same result by different grow th patterns 
The author’s observations indicate such variety of approach, it 
would be a gross error then to attempt to make line B conform 
to the type pattern of growth made by line A Probably it wrill 
be highly desirable to have lines with different patterns of 
growth, for different genotypes would be indicated Different 
genotypes arc needed if heterosis is to be obtained from crosses 
Several striking examples in the hi«tory of the livestock industry 
illustrate serious results that followed show nng leadership 
The insistence on the so-called roly-poly t>pe hogs, that ex- 
isted at the turn of the century, stands as a classic example of 
faulty leadership Tins was accompanied in the case of Berk- 
shire and Poland China with an m'^istence on six white points 
(four white feet, a white tip on tlie nose, and one on the tail) 
The insistence on the six white points disqualified or under- 
rated many hogs that were desirable bv’ economic standards 
Later the so-called fence-rail type of pig was favored The 
as-uraption was that this type of hog was more productive (it 
had been formerly maintained that the roly-polv type was iiiost 
productive) and that this was a meat type of hog No substan- 
tiating data were a\ailabte or forthcoming, but type was changed 
to suit the changed fancy The rc'-ults were detrimental to the 
industry 

In sheep the mo-t striking error of show-nng fancy was the 
demand m tev eral breeds for a ty pe that w as w ooled completely 
over the face and wcll-w ooled down to the hoofs The re~u!t 
was the development of sheep that became wool-blind and sheep 
who^e legs were poorly suited to snow and mud The final result 
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was that commercial produceis became dissatisfied with that 
type of sheep 

The above-mentioned demand for sheep completely wooled 
over the face was in one instance accompanied by a demand for 
a very small ear hidden in the wool, and a small body type The 
small ear caused no particular trouble in itself, except that it 
handicapped desirable sheep that happened to possess a larger 
ear than was favored The selection for a small type did defi- 
nitely result in a handicap to the «tock so developed, because 
practical commercial producers did not want that kind of sheep, 
eventually they regi'itercd their disapproval by turning to a dif- 
ferent type 

The most recent serious economic consequences resulting from 
show ring fancy has resulted fiom the premium paid in the show 
ring for the so called pony type of beef cattle It appears that 
demand for tins type is to some extent responsible for the develop- 
ment and spread of dwarfism in beef cattle This is an extremely 
serious economic problem Its consequences may wreck some 
breeding herds that represent heavy investments 
Occurrences like those mentioned above are very serious The 
economic loss is heavy Progressive livestock breeding is so 
slow that It takes a long time to eradicate unfortunate develop- 
ments such as those mentioned above Furthermore, once a 
breed loses public favor, it is extremely difficult to regain the 
lost popularity 

Improvement in Livestock Shoivs In spite of the short- 
comings of the livestock show, it has been u'^eful, but it could 
be made more useful All the market classes should be judged 
on hoof, slaughtered, judged on the rail, and then cut out for 
yield of carcass If this were the proceduie, the students of the 
show would have an opportunity to learn much about type At 
present there is a tendency to favor animals carrying more con- 
dition than IS wanted on the carcass By following the proce- 
dure suggested, judges, as well as spectators, would learn from 
the show Many tunes the judge simply cannot detect an ani- 
mal's shortcomings Figure 78 is a photograph of a lamb nb 
cut, the cut IS obMously deficient in lean me it Howeaer, the 
lamb from which this cut was taken appeared and felt well 
fleshed through the nb region Figure 79 is a photograph of a 
lorn cut from a liog tlmt aI‘*o appeared full m tiio lorn Tlie cut. 
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ho\\c\er, shows how deficient m lein nieat tiie hog was Con- 
trast Fig 79 with Fig 80, the difftrtnccs m lean could not ha>c 
been detected on the hoof b> pn.'^tnt av iilablc methods of ap- 
praising swmc 



Fig 78 A nb cut from a lamb that appeared well muaclrd m this regioa 
while on the loot and wictoc canaaa indicated superior flesliing The 
cultmg test roealed the Iambs shortcomings 

In the breeding classes of our large shows, in order to win it is 
necessary to put the animals in higher condition than is good 
for them This is unfortunate The rclatitc fertility of many 
of these animals is thereby reduced Furthermore, ha\ing the 
animals in so high a condition defeats the purpose of the «how' 
the winners fail to demonstrate what breeding animals really 
should look like 
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A further improvement in the shows would incorporate at 
least some record-of-performance classes. In this way the shows 
could exert a great influence on the improvement of our livestock. 
Either the show or the breed associations could supervise the 



Flo. 70. A loin cut Iroin .1 ho^ that Ji>[tcarc<l Ml in the Join while on the 
lioof and whoso c.irciuss mditatcti ample (uUne^'i The cutting test revc.'ilctl 
the ilcficicaty. 

reconl-of-perfonn:inco work. Kntmncc in these classes would be 
ileiwnckut upon the completion of a salisfactoiy* record-of-per- 
fonnance tot. 

About tile show system Coehnuic (191o) says; “.Vbuscs of the 
show system would bo much rctluceil were chvsscs confincti to tini- 
mals bad by cxiiibilors, whose dam* a«</ maternul gramhfam* 
wtre uUo brttl by them, with extra tnarks, |>eriiap*, for the ust 
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of home-bred sires We might still liarc breeding for slioiis, but 

It would at least be breeding, not bujing” 

Cochrane suggests also that dairy cattle be judged (or con- 
formation and lierfomiance on a non-comfietitli e basis. Anarus 



Fio 80 A thick loiQ of pork contrast with Fig 79 (From a Miime®ota 
No 2 barrow ) 

of A, 13 C, and «o on t\ould then be gi\en to the animal accord- 
ing to its individual merit rather than on the basis of compe- 
tition 

Opinion IS growing that the Incstock show measured by an- 
nual co't has ‘•enous shortcomings Nlclnt>re (1946) estimates 
that fairs cost the \mencan public from $25,000,000 to $30,- 
000,000 annually in entrance and grandstand fees and that they 
cost $5 000/100 to $6000 000 more, supplied b> public funds 
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He suggests a number of ways m winch fairs might be made 
more educational He would lemove aged bulls from the show 
becau'je they are dangerous and because there is questionable 
value in classifying aged bulls for type He advocates combin- 
ing the appraisal of type and production 

Eligibility for Registrations In most breeds of livestock 
any animal whose sire and dam are registered is eligible for reg- 
istration In some of the breeds minor characters such as off- 
color, ^vill disqualify an animal for registration But usually, 
regardless of how unsatisfactory the animal is in form or per- 
formance, it is eligible for registration as a purebred if its two 
parents are registered m the herdbooks of that breed This 
leniency in registration makes it possible through the occur 
rencc of undesirable segregates to carry in the breed many ani- 
mals that are undesirable m both genotype and phenotype In 
practice, however the poorer individuals are eventually dropped 
from the purebred list because the breeder has nothing to gam 
by registering such animals 

Selective Registration In many European countries seleo- 
tl^e registration has been practiced According to the general 
plan, to be eligible for registration an animal had to pass a quali- 
fying test In some instances the test was merely that the animal 
must be satisfactory in type, in others actual performance was 
a part of the qualifying test 

In Gennany tlic Wurttemberger breed of sheep was developed 
through selective registration The standards set excluded from 
rtgistntion individuals tliat were seriously defective in cither 
body confonnation or uool \ nn\imum of 50 points was al- 
lowed for each, bod> conformation and wool, and every animal, 
to be eligible for registration, was required to score a minimum 
of 33 points in caeh 

The procedure of the Netherlands Herdbook Assocntion was 
briefly as follows Service certificates had to be filed soon after 
breeding, and birth ccrtific Ucs had to be filed w itlim a few w ccks 
after birth Females were scored shortly after the fir^t calf was 
ilroppcd To be eligible for regi'^tration an animal had to score 
75 points out of a po** ililc 100 Bulls were not accepted for reg- 
i tr> unIc'S the> were from te te<i d inia Bulls were '•corwl, first, 
*“0011 after thev were 1 >tir old, and agam ifter thej were 2 
ve irs old A hull might Ik, accepted for rc«,i>^tratiou as i >ear- 
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Img but rej ected as a tw o > ear old Tlie ov. ncr was then allowed 
30 days m which to secure a new bull, and any services made by 
the rejected bull 30 dajs after his rejection ^cre treated as 
though he i\cre a grade In the pa«t about 55 per cent of the 
bulls presented for inspection \vere rejected 

In Denmark selcctnc registration was carried to such a point 
that only 500 cows were registered each year It was agreed 
that the registration of 500 new cows each year was sufficient to 
take care of the country s needs A committee studied the ap 
plications and selected what they considered the 500 best cows 
No cow was even considered until die had been in milk 3 con 
sccutivc jears Regardless of age her uncorrcctcd fat produc- 
tion must have averaged more than 400 pounds per year since 
first freshening 

In Denmark registrations for swine were accepted only for am 
mala bred at the state recognized swine breeding centers The 
breeding centers were farms on which the breeders had complied 
with regulations The o regulations stipulated m part that the 
farm must each year send to the tcding station half as many 
test litters as there were «ows m its herd Four pigs taken out 
of the whole litter constituted a test litter At tlie testing sta 
tion each litter was fed on standard rations and under standard 
conditions Thus the rates and economy of gams were deter 
mined under standard conditions After the pigs reached 200 
pounds they were slaughtered and the carcasses evaluated by 
standardized technics 

Each breeding center was scored twice each year on manage 
ment type of breeding stock fertility of the herd efficiency m 
feed utilization of test pigs and carcass score 

Obstacles to Selective Registration in America. In conn 
tries such as the United States and Canada selective registration 
presents economic problems not encountered in smaller countries 
Selective registration however is not impossible in the develop 
ment of the Standardbred horse animals not eligible for regis 
tration by birthright could become eligible by trotting a mile in 
2 30 or pacing it in 2 25 The Bral man Cattle Breeders Asso 
elation and Columbia Sheep Breeders Association both require 
inspection of animals before they are registered 

Smee eligibility for registration by birthright has already be 
come a widely established practice m this country probahlv a 
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selective registration, a record of performance, within the breeds 
would be the preferable method of approach. 

The progressive breeder, however, does not need to wait for the 
breed association to develop a record-of-performance standard. 
He can set up liis own standards and develop a record of per- 
formance within his own herd or flock. The chief benefits from 
record-of-performance work must generate from the individual 
herds; hence the benefits are dependent upon the thoroughness 
of application by the individual breeder. 

Corrective Matings. During the development of purebred 
breeding two general principles have become generally accepted. 
One is Bakewell's axiom, “Breed the best to the best,” which, if 
strictly adhered to, leads frequently to inbreeding. The other is 
the attempt to make connective matings. The plan of corrective 
matings is illustrated by Mr. Simpson’s (of Gudgell and Simp- 
son) selection of Anxiety 4th. The early Hereford cattle of this 
country were especially light in the hindquarters and, according 
to ^Ir. Simpson’s own story, Anxiety 4th was purchased and im- 
ported largely because of his superiority in hindquarters. This 
importation is given credit for making a marked improvement 
in the fullness of hindquarters in Hereford cattle. Fortunately, 
however, Gudgell and Simpson did considerable linebreeding 
(some of it quite close) . In this way they retained a fairly high 
relationship to Anxiety 4th, whereas, had they resorted to out- 
crossing and further corrective matings, not only would they 
have lost most of the relationship to Anxiety 4th but they would 
probably have lost also the benefits of the Anxiety 4th outcross. 

Corrective mating has its place in constructive breeding. The 
corrective mating should be made for the specific purpose of cor- 
recting some tlefinitc defect in a herd or strain. The outcross 
needs to be followed by a certain amount of inbreeding; other- 
wise it is likely to be lost in subsequent outcrossings. 

Prepotency. Prepotency has for a long time been regarded 
as of great importance in livestock breeding, mcedcra for the 
most part have set great store by prej>otcncy. To .the breeder, 
prepotency means that both parents arc not necessarily equal in 
determining the characteristics of tlie offspring; one parent is 
superior in inlluence to the other. The concept of prepotency is 
often extended to lines of breeding, the belief being tlmt certain 
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lines or breeds are more prepotent th'in others It has been as- 
sumed that prepotency is pa^'cd from generation to generation 
by certain lines of breeding 

Prepotency is not a myth ^\Ilen two mdi\iduals are mated, 
one may ha\e more influence than the other on tlie offspring 
Some lines and breeds are more prepotent than others Prepo- 
tency, lion e% or, cannot be pa« ed from one generation to another, 
unless it IS po«''C =ed by both the sires and the dams If that is 
the ca«e then each rndnidual mating mil not exhibit the pre- 
potency 

Prepotency is of importance to the !l^c^tock breeder The 
animal possesoed of «upenor mdiMduality that is able to pa^s 
this superior individuality on to the offspring even though the 
other parent la deficient m this desirability, is a valuable breed 
ing animal 

Not all publicized instances of prcpotcnc> arc authentic Sires 
having a reputation for prepotency offer the breeder of purebred 
livestock a great advantage in «alcs For this reason it is good 
salesmanship to make the chief herd sire appear as prepotent as 
poasiblc The true picture of a sire s prepotency can be obtained 
only when all Ins get arc taken into coneidcration and when 
consideration is given to the merit of the females on which he 
w'as u«ed Too often a sire is given a high rating on the ba®i3 of 
a few outstanding offspring and no con«idcration is given to the 
poor offspring he has sired Too often a '^irc is given a high rat 
mg as a sire when used on an outstanding group of females On 
the other hand the sire used on inferior females may actually 
be a better sire than he appears from a superficial in'^pection of 
his record Another factor affecting a ‘■ire s popular rating is the 
feed and care given his offsprmg A sire used in a pampered 
herd where each individual is given every opportunity of devel 
oping to full capacit) will appear more prepotent than the sire 
who e progeny is reared under le^s favorable circum tanccs 
Indications of Prepotency The belief is still wide pread that 
the good judge of livestock can recognize the prepotent animal 
from its phenotype The assumed indicators are masculinity m 
the male and femininity in the female Breed character as re 
vealed by the head is al o cuppo ed to be an indicator of pre- 
potency 
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The known facts of genetics <?how \ery clearly that these are 
faulty assumptions A high degree of homozygosity and the 
possession of a high percentage of dominant genes are the in- 
herent qualities that will enable an animal to stamp his own 
characteristics on the majority of his offspring Unfortunately, 
the phenotype of an animal does not necessarily reveal its geno- 
type Prepotency is not expected of the crossbred sire, because 
he IS highly heterozygous yet tlie crossbred sire frequently is 
very masculine m appearance 

To the student of genetics it is perfectly obvious that prepo 
tency cannot be passed from generation to generation solely as 
the result of the influence of either the sires or the dams m the 
ancestry The individual sire or dam may be very prepotent 
through the pQ‘;session of dominant genes and genetic purity, but 
that individual can pass only the haploid number of chromosomes 
and genes to the offspring If the individual to which the pre- 
potent animal is mated possesses a very similar genetic constitu 
tion, the offspring should be as prepotent as its sire and dam In 
this way it may appear that some sires possess this ability to 
breed on and on ’ Actually, however no sire can do this unless 
Ins breeding is highly concentrated and kept concentrated 
through inbreeding 

It IS very likely, however, that masculinity and femininity 
may have some relationship to the animal s relative fertility A 
difficulty encountered, honever is tliat very often breed char- 
acteristics are misinterpreted as indications of sex character A 
further complication is due to the fact that masculine appearance 
la stimulated to some extent by the interstitial tissue The ger 
mmal epithelium from which the gcim cells arise may be de 
strojed by various tjpca of treatments and the individual may 
develop the outward ippearantca of masculinity (Fig 81) This 
howc^c^, IS an environmentaJ influence It appears tli it by and 
large, true nia‘«cuhmty ind true femininity show some rel ition- 
‘ihip to fcrtiht> ind particularly to ‘^ex drive, but there is no 
reason to expect in a'*-*oci ition between po«‘-e‘*‘-ion of sex char- 
acten''lica and prepotenev 

The onlj true iiulicUioii of prepotenc> m a ^irc la the ment 
of ill lus get Some cnn'-uleration however, should be giien to 
the merit of the females on which he is u cd In like m inner 
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the only true index of a female’s prepotency is her progeny The 
larger the population of offspring, tlie more accurate is the index , 
inbred lines are an exception If a high degree of genetic purity 
has been achieved, the prepotency of individuals within the line 
may be predicted with a high degree of accuracy on the basis of 
the family record More and more definite lines of breeding are 
being developed and are coming to play an important part in 



Fia 81 Thi« ram was «tenl«ed by a continuous heat treatment yet be 
developed considerable outward indications of masculinity and character, 
the aosumed indicators of prepotency 

livestock breeding This is a new situation in the breeding of 
farm animals, but it i*? rather generally accepted in plants and 
laboratory animals Until such time as we have lines of known 
values, breeders will do well to give their attention to the prov- 
ing of sires and should not attempt to read a sire’s breeding 
index from his appearance Breed history contains many rec- 
ords of great sires that gained entrance by accident to the herd 
m IS Inch they made their record rather than by the owner’s rec- 
ognition of their greatness in advance In like manner, breed 
history contains many records of animals picked to become great 
sires that failed to ha\e any effect on the herd or breed 

Breed Analyses The breeds and subdivisions of the breeds 
ha%e been studied in an attempt to Icam how they are consti- 
tuted Wright (1921, 1922, and 1923) set the pattern for the 
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best of these studies With few exceptions these studies show 
that the development of the breeds has followed the same gen- 
eral pattern Nearly all the present breeds rest on crossbred 
foundations, the breeds of more recent origin rest on crosses of 
the older breeds, and the older breeds rest on crosses of the then- 
prevailing types In some cases the crossing continued over pro- 
longed periods of time Eventually the stock came to be bred 
from within, varying amounts of inbreeding resulted Some of 
the early breeders inbred deliberately, others wandered into in- 
breeding As a rule, inbreeding has lemaincd low, most of the 
homozygosity achieved having come through selection rather 
than inbreeding 

An exception to the above is the Duchess family of Shorthorns 
developed by Bates and analyzed by Wright (1923) Bates drew 
on the Colling brothers foi foundation stock The Colling broth- 
ers had already inbred tlieir stock considerably above the aver- 
age Bates raided the coefficient of inbreeding of the Duchess 
Shorthorns to about 40 per cent The Shorthorn breed as a 
whole had a coefficient of inbreeding of about 26 per cent in 
1920, and this figure apparently has gone only a little higher 
since that time The inbreeding in the Shorthorn breed is due 
largely to the early ivork of the Colling brothers and Bates 
A summary of the estimates of the coefficients of inbreeding 
made on several of the breeds is given m Table XXXIX 

With the exception of the Duchess Shorthorns the amount of 
inbreeding for the breeds is low, although that of the Shorthorns 
is ncll above tlie a\erage, it is not high Stonaker (1943) who 
studied the Aberdeen-Angus breed states “Except for a few de- 
tails, the breeding systems used m the Aberdeen-Angus breed in 
the United States appear to be much like those in other breeds 
of cattle” This may be extended to all breeds so far studied, 
but tlie avenge interval between generations is less for sheep and 
swmc than for cittlc or horses Stonaker found an average nsc 
of about 0 3 per cent m inbreeding per generation in the Aber- 
decn-AngUb, and tlic avenge interval between generations was 
vbout 5 1 jears For Hanipbhire sheep Carter (1910) found that 
the inbreeding was advancing about 0 7 to 0 9 per cent per gen- 
eration The total for the breed m tlie United States, however, 
was onlj 2 9 by 1935 The average interval between genera- 
tions was 35 to 3S >Lan} 
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Table XXXIX SuiiiiARr op I'.bheedim! CoEmciE-JTS op 
Breeds Studied 


Breed 

Date 

F, 

Investigator 

Shorthorn, Bates’ Duchess 

1810-1849 

iO 0 

Wnght 

Shorthorn, Great Bntain 

1020 

26 0 

MePheo and Wnght 

Shorthorn, mnniDg sires in 

United States 

1920 

25 0 

McPhec and ivngnt 

Shorthorn, United States 

1920 

26 0 

MePhee and 11 nght 

Clydesdale, Great Bntain 

1925 

6 2 

Smith 

Itambomllet, Uiutcd States 

1926 

5 5 

Dickson and Lush 

Ayrshire, Great Bntain 

1927 

5 3 

Fowler 

Poland China, United States 

1929 

0 8 

Lush and Anderson 

Brown Swiss, United States 

1920 

3 8 

Yoder and Lush 

Hereford, United States 

1930 

8 1 

Wlllham 

Landrace, Denmark 

1930 

6 9 

Hottcnslcn 

Holstein Fncsian, United Slates 

1031 

4 0 

Lush, Holbert, and 
lltUham 

Amenc&n S&ddlo Horse, Ucuted 

States 

1935 

3 2 

Steel 

Hampshire, United Stales 

1935 

2 9 

Carter 

Aberdeen Angus, United States 

1930 

11 3 

Stooakcr 

Standardbred Horse, Umted 

States 

1940 

4 4 

Steel 

Thoroughbred Horse, Umted 

States 

1941 

8 4 

Steel 

American Quarter Horse, United 

States 

1941 

1 7 

Fleteher 

Amencan Quarter Horse, King 

Ranch 

1941 

4 89 

Fletcher 

The«e studies show that 

genetic punfication of the breeds by 

mbreedmg is proceeding x 

ery slowly 

«<> slowly that it may al- 


most be disregarded Figure 82 illustrates the progress of in- 
breeding m the de\elopment of breeds of li\estock and that of 
different inbred lines of Ineotock The homozygosity that doe« 
exist must ha%e been attained by accident and selection, espe- 
cially selection for characters of non economic importance Some 
of the«e characters ha\e been rather well fixed m the breeds 
When coat color or type of ear becomes fixed, through linkage 
it automatically fixes other gene«, many of which affect char- 
acters of economic importance 

One of the major purposes of breed associations and the reg- 
istration of breeding animals has been the certification of the 
punty of the stock so recorded As a result, the rules of ino«t 
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American Purebred Associations do not allow for tbe introduc- 
tion of genes from outside the breed By and large, to date the 
purebred fraternity has frowned on all expressions of cross- 
breeding In Europe most breed associations allow for the reg- 



Tbi n| CMtTiotnb a 19S3 Ih Iht tw m linu * e b (hu 

thin Muted n thi t iph. Thtsc IM9ffiiH(hued pnlyca Ihi 
(tfeUivd b ltd n( hi d) vt 
iM s» 

Abni 

Mnncsali Ns 1 « <0% 

MmniMti No. 2 a Uf to ^ KW herd) 

MIm » 81J2)l 

lia S2 TIic fi3patJiettuil proRrcss of F, m the development of the old 
slandard breeds and some of the more recently developed mbred lines of 
hvc lock errom U T Ellsbuvi PhJ) Thesis) 

i^tration of inimals that can '•how a cert iin number of top cros«cs 
of registered hires In ‘=omc in‘«tinccs, it appears that «ome of 
tJieae ‘‘O-C’dJed terj ahort-ped/greed antrimls hi^c hecomc re- 
corded vnd, when "old to bujers m the United State-, arc ac- 
cepted la purebred -took, t\cn b> induidu ilb \%ho would protest 
recording annuals with -unilar Upc-s of pedigrees m this eountr> 

1 lie C olninbj i ^liecp Brcciltis^ ociation Ins in ide pro\ i-Jicn 
wheahv 111111111- tint have received a sufficient number of top 
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crosses and meet appro^al m type can become recorded in the 

Association's stud books 

The abo\e procedure makes it possible to increase the numbers 
m a breed that is too low m numbers for practical purposes to 
best ser\e the industry It also makes it possible to introduce 
rather slowly some outside genes within the breed It has been 
advocated by some that this should be a standard procedure for 
most breeds 

Another method of introducing genes within closed-breed pop- 
ulations has been the clandestine method of crossing, then back- 
crossing once or twice to the recorded breed, and recording the 
crossbred stock and later generations from the crossbred stock 
under a parentage other than its own thereby making it appear 
eligible for registration In a number of cases this procedure 
has resulted m definite breed improvement It is a perfectly 
logical way of juggling the genes around and bringing about a 
genetic improvement Unfortunately the method is and must be 
done illegally A constructive method of accomplishing genetic 
improvement would be to allow breeders to register their intent 
of introducing outside genetic material and to report regularly 
and in detail to the Association on their procedures and results 
After a time, they might then petition for registration of this 
stock m a special appendix of the breed s record books The 
breed association could then have the records and the stock in- 
spected by a qualified committee and approve or disapprove ac- 
ceptance of the new line within the breed This proposed method 
of procedure would provide an orderly constructive and honor- 
able method of achieving a desired end, namely, improvement 
through the introduction and incorporation of genes not generally 
possessed within the breed being improved 

Population Genetics Dobzhansky and his associates {1948, 
1948, and 1951) and Wnght and his associates (1942) have 
contributed a great deal of information regarding the genetics 
of natural populations The fruit fly Drosophila has once again 
served a very useful purpose The studies referred to contribute 
a great deal of basic information regarding natural populations 
Some care must, however, be exercised as regards the application 
of this information to the genetics of farm animals, the genetics 
of human populations, and even other natural populations of 
animals 
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Man does introduce considerable interference with natural 
selection in farm animals The selection that he practices may 
not always be as wisely directed as it should be Nevertheless, 
it does constitute an interference with what would probably have 
happened if natural selection had followed its natural course of 
events Man also intioduces an artificial environment for his 
domestic animals and he prohibits crossings that might occur 
under natural conditions 

Man, himself, on the other hand, migrates to the four corners 
of the earth, and, m spite of a great deal of talk of racial differ- 
ences and some tendency toward racial isolationism, the history 
of the human race shows a great deal of racial mixing During 
recent years, with the advance of medical science and the devel- 
opment of social science, man has come to foster the weak and 
to some extent handicap the strong In other words, natural 
selection in the human race has been seriously handicapped 
Different species of wild animals follow different patterns of 
life Some migrate great distances, others remain quite localized 
In spite of the above reservations, the studies referred to have 
a great deal of interest and some value m broad applications to 
the animal breeder For one thing, the studies showed that 
lethals and semi-lethals are more prevalent in natural popula- 
tions than has been generally assumed In large samples of 
wild flies, from 14 to 30 per cent were found to have lethals in 
the third chromosome 

It appears that mutation pressures introduce a number of 
mutants into a population at every generation Tfie fate of each 
mutant depends upon its adaptive value and upon the genetic 
structure of the population in which it is released Most mutants 
are unfavorable The recessive ones accumulate m populations 
until they reach equilibrium values Some mutants are deleteri- 
ous when in a homozygous slate, but favorable when in a hetero- 
zygous state The mutants that produce favorable re&uUs in 
heterozygous populations naturally become more frequent in the 
population than those which arc neutral when in the heterozy- 
gous state 

ilany chromosomes carry genes which cannot be classified as 
kthals or scmi-letlu\ls, >et they reduce the viability of Iiomozy- 
gotca In several otlicr portions of this hook, the autlior has 
pointcil out tliat it is his opmion that genes low in productive 
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cfTcct are more tcrjoua to h\t‘*tock brtederH than tlic more dc- 
&tnicli\c lethal and fccmi-ltthal gintn for the rtaaoii th it the 
latter can be ri cognized more readily, and, hence, tend to be 
eliminated from the popul ition 

If the cffccti%c population tizi. w large enough, a con-Kltrable 
\ancty of chromoMmn.'j with dutr-e gene contents is to be found 
at all times in mo't bre tiling units llus dots not refer merely 
to a S 12 ible chain of dltlti, but rather to hnkctl groups of gents 
on a chromosome as a whole or on a segment of a chromosome 
Natural populations apjKar to drift tow .ml i b danced hettroz>- 
gous state 

Most natural popul itions appear to be miUurts of indnuluals 
that are homozjgoiis for ■^ome genes and hetcnizjgous for other 
genes, and al-o heterozjgous for gene amngements Gene ar- 
rangements ha\c been found to \ar> in populations with ••omc 
reference to geographic d areas 

An experiment h> Dohzhan«ky and Itvcnc (1951) in relation 
to heterosis in wild populUioos of Dro-^oplnl i prislucid ^omo 
^cry interesting results, (hat apinar to ha\e con«iderahlo sig- 
nificance to li\estock breeders The inee'-tigatora worked witli 
strains of flics from three distinct gcograplnc il arcn« ^trains 
domed from the three areas arc known as ST, Ali and Cll, rc- 
8pcctuel> The hctcrozjgotcs pitxluccd from strains within the 
same geographical urea, c g , ST, were found to be superior as a 
rule m adaptive value to honiozjgotcs On the otlier hand, 
heterozygotca produced from cro'Sing strains unking from dif- 
ferent geographical areas, eg ST and AH, exlubitcd no supen- 
onty in the Fi population over the parental Ijpca In later gen- 
erations, however, heteroz>gou8 t>pc3 «icgregatcd which proved 
superior to the parental types 

The interpretation of an e\i>onmcnt such as that de-enbed 
above offers possibilities of apphcition to livestock, but the pos- 
sibilities are naturally subject to considerable error Tlic fact 
that the strains subjected to natural selection for adaptability 
m the same area exhibited a greater adaptability in the hetero- 
zygous state than in the homozygous state indicates that it is 
possible to develop “trains or Imcs for the same characteristics 
(m this case, adaptability to the area), and yet obtain lijbnd 
vigor when such strains or lines arc crossed The experiment 
certainly gives no support to the belief that the best method of 
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obtaining maximum hybrid vigor is to cross a line low in fertility 
but high in rate of gam with one high m fertility and low in rate 
of gam 

A further very interesting point, one that appeals to have 
considerable practical significance to livestock breeders, is that 
the Fi population obtained from crosses of flies from different 
geographic areas exhibited no heterosis in the Fi population, but 
that later generations exhibited superiority This the investi- 
gators believe may have resulted from an extensive “shuffling” 
of the genetic factors, which in later generations resulted in 
superiority Put in more concrete and direct form, it means that 
the animal breeder may introduce foreign genes into a line of 
livestock uhich would exhibit no improvement m the first cross, 
yet a benefit might appear m subsequent generations after the 
genes had been efficiently reorganized It also suggests that in 
countries «uch as Great Biitam which possesses a large number 
of breeds in a rather small area, the livestock industry might do 
well to develop a program of reducing the number of breeds 
through the proce«s of recombination or synthesis of lines as dis- 
cus'sed in Cliapter XIX Some Britishers believe that they suffer 
from a surplus of breeds The ehmination of a breed or breeds 
might eliminate useful genes, but by combining breeds and re- 
shuffling tlie genes new opportunities for supenor gene combina 
tions arc offered 

Speculations can be made in regard to the results of inbreeding 
and of methods of developing and maintaining mbred lines 
They give «ome support to the view that a certain level of in- 
breeding may be very useful in developing the proper balance 
between homozygo'sity and hclcrozj gosity and in tlie develop- 
ment of a balanced lictcrozygobity This ma> account for the 
relativelv high pcrfonnance of ''Oine inbred lines of swinc m con- 
tr ist to the low performance of the more highly inbred lines of 
com If tins Is true, then tlie animal breeder may do well to r use 
the inbreeding level of his «tock to the optimum level (he will 
have to find that level) but hold it near tint level m order to 
pro erve the heterozygosity of fivorible gene combinations 
Ihe above mentioned expenmenU aKo indicate that an nt- 
temjit to develop mbred lines from «ii)all populations is much 
le'vs likel> to be -uecesaful than from large populations I he ex- 
peninLiit!, guc -upport to the view tint i llexiblc sjstcm of 
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breeding is more likely to “shuffle” the genes more thorougiily 
than a fixed system (onc-sire or two-sirc sjstem) of breeding 
If, then, it 13 to be accepted that for practical purpo-cs it is 
better to retain what may be called a somewhat balanced hetero- 
zygous state in inbred lines of fann animals, it is highly impera- 
tive that the lines be maintained on a rigid program of produc- 
tion testing This will be neccs’-aiy to guide culling the unde- 
sirable recombinations of genes that will continue to appear It 
will also be necessary to maintain essentially closed henis m 
order to maintain both some punty and the balanced heterozj- 
gosis state 

AVhat does all this have to do with purebred breeding? It i® 
difficult to be po-iti\e on that score, because, as pointed out 
above, there are difTcrcnccs between wild populations left to “the 
survival of the fittest” and henis and breeds under man's guid- 
ance The value to the breeder would appear to be that, by 
learning what happens to the genetic structure of a population 
left to seek its own level, the breeder should develop hypotheses 
as to better methods of working with nature to achieve his own 
purposes In this case it indicates at least that the establishment 
of “closed populations” is a sound approach The e«tablishment 
of herdbooks was a sound beginning It would appear that 
smaller, essentially closed groups within the existing breeds 
would be a further step in the direction indicated What is the 
optimum sue for such populations is not clear It may be that 
the inbred lines being developed experimentally are the correct 
sue On the other hand it may be that larger herds such as tlic 
great Hereford herd developed by Robert H Hazlett at El- 
dorado, Kansas, are more nearly optimum The author is in- 
clined to believe that optimum sue will vary with different ge- 
netic materials 


The studies indicate that optimum vigor will, however, be 
realized when two or more closed populations are crossed sys- 
tematically 

Modern research m genetics indicates that the purebred m- 
(lusty of the future will undoubtedly be different from what it 
i! 1. ^ indicates that the over-all program of pedigree 

breeding has been sound, but that it is time to move on 

Breed of the Future A new philosophy is 
P dly taking root m livestock breeding The period of con- 



301 


The Purebred Breed of the Future 

tinuous expansion seems to be at an end, and it appears that 
the next step will be an intensive program of improvement in 
efficiency The development of inbred lines seems likely. These 
lines will need to be maintained intact by the most advanced 
breeders. Others will draw on these more highly purified lines 
for the production of line crosses, and the line crosses will prob- 
ably be used by commercial producers for breed crosses. 

Constructive animal breeding seems to be entering the profes- 
sional era. Several producers of hybrid seed corn have inter- 
ested themselves in this newer movement in both poultry and 
swine. The newer movement calls for more and more precision 
and system. The work is rapidly becoming highly professional. 
Cochrane (1945) has the following interesting comments to make 
on this point: 

Breeding is not an occupation lightly to be undertaken, by those who 
have given no thought to what it involves If the owner is not pre- 
pared to take on these responsibihties — to give the time and attention 
and study they require — he is better advised to obtain the services ot 
someone else. But whoever he employs to run bis herd, the direction 
of policy must bo liis onn resi)on*ibiluy Tlius, it is his fault, even if 
he has nothing to do with the herd himself, if it is run solely for show- 
ing, or for obtaining maximum profit with the minimum trouble Now, 
It is hard to find a man capable of undertaking constructive breeding, 
but it IS ten times more difficult to find one capable of breeding 
cflicient cattle To concentrate on efficiency — if one is concerned with 
pedigree cattle — requires not a little courage and self-relnnce, apart 
from a tliorough knowledge of breeding in all its aspects Such a man 
is unlikely to be found among those whom the nation has not seen fit 
adequately to educate; still less, among those who cannot bo educated. 

The changes that appear in the offing will call for more rather 
than fewer pioduccrs of good seed stock; sucli has been tlic result 
wherever improved technics have been used in plant breeding 
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Grading 

Grading is the mating of scrub or grade females to a purcbrciJ 
fcire Many ad\ocatcs of Incstuck improvement have come to 
regard grading as tlie moot, if not the only, accept ihlc method 
of improving coinmcrcta! livcotock 

Improvement Rapid. B> the continued u-c of good purtbred 
sires only a few generations arc rtquireil to bring the herd to the 
point at vvhicli it Ins all the api>carancc, actions, and practical 
value of purebreds Table XL shows the rapidity with vvhicli 
purebred sires will change the genetic constitution of a hcnl 

Table XL Genetic Chance Brolgiit adovt nv the Use op 
Flrebkco Sikes on a Soils Ilcno 

Offspring 


Per Cent Per Cent 

GeneraUon IlcpUcvd bcnib 

1 50 50 

2 75 25 

3 87 5 12 5 

4 03 75 C 25 

5 00 87 3 12 

6 08 44 1 60 

7 90 22 0 78 


Figure 83 illustrates tJie pnnciple of grading bj a different 
method, the replacement of breeding is put on the chromosome 
basis Cattle have 60 chromosomes or 30 pairs If a cross be- 
tween the Hereford and Shorthorn breeds followed by continuous 
backcros«mg to the Hereford breed is assumed, the average chro- 
mosome number of each breed m each generation is shown in 
ig 83 The exact number of Hereford and Shorthorn chromo- 
somes in any one individual is, however, subject to considerable 
variation 
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Grading Dairy Cattle 

Table XL and Fig 83 should make clear how topcrossing with 
superior sires will in a few generations bring about a substitu- 
tion of desirable genes for undesirable ones The same principle 
applies whether the practice consists in using purebred sires on 
a scrub foundation or sires backed with outstanding perform- 
ance on a foundation of stock in which the performance is ques- 
tionable 



Fio S3 The approxinnto Shorthorn and Hereford chioinoaomo numbers 
m each generation as tlic result of first crossing the two breeds and then 
continuing to backcross to the Hereford The numbers m the circles indi- 
cate Hcrcfoid chromosomes, un<l the uncircled numbers, Shorthorn chromo- 
somes (In studying the above it should be kept m mind Uut after the 
first generation the numbers arc approximate rather than definite ) 

The abotc-incntioncd tabic and illustration make clear also 
the rclatnc importance of the individual’s various ancestors, the 
indivuluil ancestor beyond the first tlirce generations bears a 
rather slender relationship to the individual m question 
Tlie principles of grading apply to any c! I'ss of stock, but the 
most significant c\pcrimcnts were conducted with dairy and btef 
cattle; licncc only those will be reviewed 

Grading Pairy Cattle. An experiment to tost the possible 
improvement in milk production by the use of good purebred 
d iirj' bulls on -cnib females was started at tlie Iowa State Col- 
lege m 1907 (KiUke and MtCandhdi, 191C, MtCmdhdi, Gil- 
Uue, and Kildte, 1910, Wtivcr, Matthews, and Kildcc, 1028). 
A suinmiry of the improvement in proiluction iccoiiiplinhcii in 
two gi.ntritions by the U'aj of good purcbrcil ilairv sires is given 
in Table XLI 
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Table XLI Ihprovtment in Prodoction by Grading with 
P cREBRED Dairy Blixs at tub Iotva Station 


(After McCandluh, Gillette, and Kildec, Itnea BxdUlin 1S8) 


Group 

Number 
of Cons 


Average Production 

of 

, Lactations 

Milk, 

Pounds 

Fat, 

Founds 

Scrub duns 

5 

23 

3 CGO 2 

171 57 

First grades 

5 

21 

5 098 7 

261 25 

Second grades 

5 

6 

8,401 9 

358 17 

Increase m production Ut gcncratioa 

2 338 5 

89 68 

Increase in production 2ad generation 

4 741 7 

186 GO 

Increase in production Ist generation 


52% 

Increase in production 2nd generation 

130% 

109% 


In two generations, the improvement in production, by the use 
of good purebred dairy sires, was iiell over 100 per cent, one of 
the granddaughters i\as doing more work than tv\o of the old 
scrub granddams There was a similar change m type, the 
second-generation grades possessed much of the appearance of 
the breed to which they were graded The maximum and most 
economical production, however, was reached m the third gen- 
eration, the fourth generation of grades fell short of the third 
generation in both respects 

In a somewhat similar expenment, conducted by the South 
Dakota Agricultural College, grade Shorthorn and Hereford cows 
served as a foundation Continuous grading w ith purebred 
Guernsey, Jersey, and HoJslem-Fnesian bulls, respectively, was 
practiced, the results are summanzed in Table XLII 

Grading Beef Cattle W R Nelson of Kansas City, Mis- 
soun, was of the opinion that the farmers of the Alissoun Valley 
were not raising sufficiently typed beef cattle He set about to 
demonstrate what could be accomplished through the use of good 
purebred Shorthorn bulls on common female stock The founda- 
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Table XLII Improvement in Production by Grading with 
Purebred Dairy Bulls kt the South Dakot-^ Station 


(After Olson and Bigger, South Dakota Bulletin I9S) 


Group 

Number 
of Cows 

Number 

of 

Lactations 

Average Production 

Milk, 

Pounds 

Fat, 

1 Pounds 

Dams 

7 ' 

50 

4 156 2 

170 56 

First grade 

0 

28 ' 

6 707 4 

260 06 

Second grade 

7 

14 

6 267 6 

267 64 

Increase m production Ist grade 

2 552 2 

89 50 

Increase m production 2ad grade 

2,112 4 1 

97 08 

Increase in production ist grade 

61% 

52% 

Increase in production 2ad grade 

51% 

67% 


tion COWS consisted of 200 common red cows typical of cattle 
then being raised in the Missouri Valley Some of the cows were 
m calf Thus one crop of calves unimproved in breeding was 
reared and marketed under the same conditions as the later 
grades Since no production records were kept, it is impossible 
to make comparisons between tlie various generations except in 
conformation and market price Since the different groups were 
marketed necessanly at different times, each group is compared 
to the top pnee brought by other cattle reaching the same market 
during that same week A summary of the results is presented 
m Table XLIII 

This experiment demonstrated that the u&e of good purebred 
beef bulls resulted m the production of beef steers that were 
more acceptable on the market and sold at materially higher 
prices than the steers of ummpro\cd breeding 

A significant experiment in grading beef cattle was condurted 
in Arkansas The experiment included three crops of purebred 
Abtrdeen-Angus caKes, natn e Arkansas calxes, first-cross calves, 
and sccond-cross calves The results arc summarized in Table 
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Table XLIII Summa«\ op Giudino auth SnoriTHOUM Bulls 
AT THE Ssi-A Bar Farms ur to 1921 


Breeding 

Num« 

ber 

Market Pneo 

Over or 
under 
Top 

Pneo 
Proper* 
liunato 
to Top 

Top of 
the \\ eck 

Sni V'Bar 
Cattle 

Unimproved 

30 

9 C2 

7 8S 

-I 74 

82 

Ist cross 

82 

11 57 

11 30 

-0 27 

98 

Ist and 2nd crosses 

IM 

14 S4 

IQ 05 

+ l 21 

1 03 


Table XLIV Suumahizeo Hiaults of Thulc Ylaus mud^ op 
Grading \ati\e Arkansas Cattle with I’tnrBiiED 
\duio£lv Angus Sires 


(Abbrcvialol from Semple and Dvorachek) 



Pure* 

Second 

First- 




bred 

Cross 

Cross 

Native 


Calves 

Calves 

Calvta 

Calves 

Cost of wcamng per head 

$41 20 

$37 63 

$32 05 

$35 

12 

Feed cost to fatten per head 

$30 30 

$30 05 

$29 49 

$26 

62 

Total feed cost per head 

$71 5G 

$67 OS 

$02 44 

$60 

74 

Sale weight per head 

672 86 

670 52 

CM 50 

630 

48 

Net sale value per head 

$74 62 

$74 08 

$70 17 

$61 

93 

DiSercnce betw cen sale value and 






total feed cost per head 

$3 06 

$6 40 

$7 73 

$1 

24 

Net sale pnee per 100 pounds 

$11 09 

$10 95 

$10 56 

S9 

83 

Shrinkage m transit percentage 

5 00 

4 84 

4 78 

6 

29 

Cold-dressed percentages 

58 15 

58 85 

57 06 

57 

03 

XLIV In a summary of 

tlie study 

Semple 

and Dvorachek 


(1930) state 

Three crops of weanling calves were produced considerably more 
cheaply per head and per 100 pounds live weight from native Arkansas 
cows than from purebred Aberdeen Angus cows because the grade and 
native cows were smaller and required less feed m winter than the pure 
bred cows 

When running on pasture with their darn® without supplementary 
feed grade and native calves made greater gams to weaning time than 
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purebred calves These average daily gains for the three years were 
1 59, 1 68, 1 71 and 1 69 pounds, respectively, for purebreds, second 
crosses, first crosses, and native calves 
While there was practically no difference m the feed required per 
100 pounds of gam for purebreds, grades, and natives fattened after 
they were weaned the purebred calves ate slightly more and made 
somewhat greater gams than the grade or native calves The average 
cost of producing 100 pounds of gam was $10 76, $11 14, $10 82, and 
$10 97, respectively for purebreds, second crosses, first crosses, and na- 
tives for the three years 

The combined costs up to weaning time and of fattening were less 
for native calves, hut the sale price of purebreds and grades was 
enough higher so that the sale value of purebred* and grades more 
than made up the difference m lower total feed costs of the natives 
When the average total feed cost was taken from the average sale 
value for each lot, the return above feed costs was S3 06, $6 40, $7 73, 
and $1 24 a head for the purebred second cros* first cro«s, and native 
calves, respectively These returns indicate the value of service of a 
purebred sire on native cows The first cross calves made a return 
per head of more than si\ times as much as the native calves or a 
difference of $6 49 a head 

The Arkansas experiment shows very clearly tlie advantage to 
the producer of using good beef bulls rather than native bulls on 
the natue cows It also siiows that the straight purebreds were 
not so profitable for beef production under Arkan'sas conditions 
as the first- and second-cross caKcs The native stock appar- 
ently possesses an adaptability that has economic value 

limitations of Grading’ Gradni" doe* not have a)) the ad^ 
\antages frequently attributed to it In «oine of the experiments 
set up to demonstrate tlie economic advantages of grading tiie 
sires u=ed were higher priced than would lia\c been practical for 
xi^Q in commercnl Inestock production It is frequently over- 
looked that maximum improvement is made during the firbt and 
second top cro^^'cs, md that thc^c cro'«scs, m some, instances at 
It i&t, benefit not only from the use of supenor sires but also from 
a certain amount of lijbnd vigor 

Although improvement is rapid from generation to gcncrition. 
It i* slow m vears c-ptciall> for cattle md hop-ts In many in- 
stantt* fimitrs should follow the Engl^h prictice of purchasing 
breeding kmalea from other fanntr'i or ranchers who are more 
favoriblv ‘•iiuated to produce •'Undus female stock econonucallv 
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In Enghnd the fanner after purchasing Ins female stock mates 
them to an outstanding siirt, gcncnlK of another breed and 
markets all the offspring The females anil the sire arc retained 
as long as they are u eful Tlit farmer is thcrebj ullouetl a much 
greater tumoecr cacli year, iiul the Pize of his herd or flock is 
reduced bccau'-e he docs not ntcil to si\c young animals for re- 
placements Since by this mct}io<i the good sire is maintamcd 
as long as he remains fertile, the fanner can afford to pay more 
for an outstanding male 
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Fertility 

The function of breeding aniui'tls is the regular perpetuation 
of their kind, therefore, the degree of fertility within a herd, 
flock, or stud has a direct bearing on the piofits from that herd, 
flock, or stud No breeder, of either commercial or breeding 
stock, can afford to keep unproductue animals In dairy cattle 
there is the added loss of reduced milk production 
Not only are the more feitile females more profitable, since a 
given number of females will reproduce more offspring that can 
be marketed, but also they offer the constructive breeder, espe- 
cially the new breeder, a chance to cull liis bi ceding stock more 
closely If three breeders start in the hog business with 1 sow 
each, tlie average litters of each sow and her descendants being 
4, 6, and 8 pigs, respectively — one half of which are, in each case, 
males — and if the old sows are retained for fi\e years, the number 
of females available for breeding purposes each year will be as 
m Table XLV 

Table XLV The Effect op I^rtility upon Increase op 
Breeding Stock 


Offspring per Utter 

Sow 1 

4 

Sow 2 

6 

Sow 3 
8 

Breeding females available 2nd year 

3 

4 

5 

Breeding females available 3rd year 

9 

16 

25 

Breeding females available 4th year 

27 

64 

125 

Breeding females available 5th year 

81 

250 

625 

Breeding females available 0th year 

243 

1,024 

3,125 


Probably none of the three breeders would want all the females 
available even before the sixth jear was reached, but t!ie owner 
of BOW 2 would each year have been able to make a larger turn- 
over in proportion to his capital imC5>tinent and m proportion to 
309 
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1U3 feed and housing co*^ts thin the owner of sow 1 and the 
owner of ‘■ow 3 would ha\t exceeded both 

A high degree of fertility is important m con tructi\e li\c 
stock breeding Let it be a suincd as ibo\c that the aacrage 
size of litters in three herds 13 4 6 and 8 pigs rtspccti\cl> and 
let It be a« umed that each breeder maintains i 20 «ow herd 
Considering old «tock as well as gilta the first brce<ler retains 
1 female out of 3 and the thml ret iins 1 of 5 or m gro s terms 
thej ha\c the cluicc of 20 fciiidcs out of 60 SO anti 100 re 
spectnely For the breeder who is ^electing clo elv and on the 
ba«is of a numlicr of factors the higher fertilitj is of special 
advantage It is prerctiuisitc to effcctiae ^election for rate of 
gam cconomj of gain body form and the like Comstock and 
Winters (1944) calculated the selection diflercntuU ictuall> at 
tamed m the Minnesota inbreeding project (Table \LM) 

Table XLVI Selection Diifei lntials Vttuned in Ioland Chi'-a 
Lines at Minnesota 


(From Comstock and 4Viotci8 Jour In Sa) 


Sex 

Litter Size 
at Birth 

I igs per 
Litter 

\\cragc Daily 
Gam lounds 

Bod> 

Score 

Feed per 1(X) 
Pounds Gain 
Pounds 

Gilts 

1 12 

0 107 

2 7 

-1 o 

Boars 

1 12 

0 15o 

2 8 

-0 7 


IS quite apparent that if litter size had been larger the selection 
differential would haNe been larger for all factors considered 
In the species with lower fertility such as sheep and cattle 
the problem of fertility is a much greater limiting factor than m 
swine In these species tl e degree of fertility is affected to a 
large extent by longevity or at least by the duration of fertility 
m the females 

Degree of fertility has an important bearing on the develop 
ment of a system of breeding best adapted to specific purpo«es 
A difference m fertility may make a degree of fertility that is 
satisfactory for one species unsatisfactory for another The dif 
ference m the degree of fertility between corn and hogs is ®uffi 
cieut to make methods that are satisfactory m corn unsuited to 
swine The constructive animal breeder therefore has to try to 



Heredity and Fertility 311 

get more out of each individuil bccau«:L of his more limited 
numbers 

Fertility is one of tlic important problems confronting the 
livestock breeder It, like most of the problems m livestock pro- 
duction, IS affected b} many factors, tlicrcforc, tlie problem of 
fertility is to be «ohcd by an understanding of all the factors 
Heredity and Fertility Like all characters fertility is lim- 
ited by hercdit> Vs stated in Chnptci VII, an inherent capacitj 
foi a certain degree of fcitihty is no I'^surancc that the individual 
or line will perform to tint degree 
The differences in fertihtv between species is clearly marked 
Breed differences al«o exist but ire lc«is marked than species dif- 
ferences Coffey (1918) gncs the a\cnge percent \gc of lamb 
crop for several breeds of sheep as sliown in Table XLVII 

Table XLVII Breed as a FAcron in FEUTiLiTy 
Bleed Per Cent Lamb Crop 

Soutlidown 12o-150 

Shropshire 150-175 

Hainpshuo llO-f 

Suffolk 133 

A number of statistical investigations on the inheritance of 
fertility in all species of farm animals clearly demonstrate dif- 
ferences between certain breeds families within breeds and 
progeny of different sires In addition certain genital anomalies, 
wlucU iway reduce the degree ef feriibty oi result m complete 
sterility, have been shown to be hentable 
Several genetic studies of laboiatory animals have demon- 
strated tliat fertility is governed by hereditaiy factors that is, 
that hereditaiy factors limit the individuals reproductive capac- 
ity Morgan (1919) gives ample evidence that gametic and zy- 
gotic lethals are often responsible for reduced fertility and even 
for sterility 

Alany more estimates of the heritabihty of fertility have been 
made with swine than with other clas«es mainly because swine 
arc more prolific and the variance in the degree of fertility is 
thciefore more accurately treated statistically From a study of 
the Minnesota data Stewart (1945) and Cummings et al (1947) 
icportcd heritabihty estimates of fertility m swine of 17 per cent 
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and 19 per cent, respecti\ely Estimates of hcntabihty of fer- 
tility in sheep as reported by Dcsai (1950) from a rather ex- 
tensive analysis of Minnesota data were very low His esti- 
mates were 0 03 and 0 07, and the repeatability of twinning was 
0 05 In the latter case it w ould seem that the degree of fertility 
IS quite well fixed early in the development of breeds of sheep 
and that there is little opportunity to change the inheritance of 
fertility through selection alone within the limits of a particular 
population The hentabihties of fertility m swine also are low, 
particularly in contrast to the estimated hcntabihty of many 
other characteristics This contrast may mean that fertility is 
especially subject to environmental influences It may aUo 
mean that the character is less influenced by additive gene effects, 
or it may mean that the genes affecting fertility are rather w ell 
fixed In any event, present evidence indicates that improve- 
ment of fertility by individual selection will not be rapid 
A low degree of fertility may result from a deficiency m any 
one or several of the complex physiological processes involved, 
and these functions may be influenced by heredity Hammond 
(1934) reported two strains of rabbits with very low fertility 
In one strain, the ovulatory rate was low but they showed a high 
prenatal survival In the other strain, the ovulatory rate was 
quite high but the prenatal death rate was also very high When 
these two strains were crossed the resulting fertility was good, 
yet the crosses did not exceed the high strain m ovulatorj rate 
or m the rate of prenatal survival This demonstrates the pos- 
sibility at hand for livestock breeders to improve fertility m 
stock of low fertility, if, after an outcross for higher fertibtj» 
the offspring are inbred and rigorous selection is used 

Generally a higher degree of fertility results from crossbreed- 
ing The results with swine (Winters et al , 1935) showed more 
pigs per litter m the first crones from purebred dams and even 
a higher litter size in the three-brc«i crosses There was un- 
doubtedly more vigor m the Fi pigs themselves, resulting m a 
lower mortality rate during prenatal life The «ame thing also 
occurred in the tliree-brced crosses, and at the same time the 
reproductive processes of the crossbred dam were more efficient 
The same general incrca<:c in fertility from crossbreeding i» ob- 
served in other classes of animals The opposite is likely to 
occur with inbreeding if little attention is paid to selection for 
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fertility. Thus it is very important to select rigidly for fertility 
in the development of an mbred line m order to maintain it at 
an economical level 

Type and Fertility. There is an assumption among stock- 
men that animals of certain types arc more fertile than those 
of other types The belief is that compactness of form is associ- 
ated with a lower level of fertility, it is then reasoned that ani- 
mals of this type do not have sufficient room for the reproductive 
organs Phillips and Zeller (1942) and Hetzer and Brier (1940) 
present evidence that large type m Poland China swine is asso- 
ciated with a higher degree of fertility They report that the 
large-type females produced litters which averaged 7 4 pigs and 
the small-type 5 8 pigs per litter They found that the large 
type reached sexual maturity at an earlier age Care, however, 
needs to be taken in making broad intoipretations from data 
such as these They pertain to the Poland Cliina breed only 
In contrast, the Hampshire is not a long-bodied hog, yet the fer- 
tility is geneially recognized as rather high Phillips and Hsu 
(1944) in a report on Chinese swine show illustrations of short- 
bodicd pigs that have slow growth rates and high fertility They 
also report exceptionally early sexual maturity in the Chinese 
swine 

If type IS associated with the dcgicc of fertility, it appears 
more likely that a certain type and a certain degree of fertility 
are affected by the same level of hormone production This 
similarity, however, eventually traces to a genetic foundation, 
the different levels of hormone production are, therefore, the 
means of carrying out the individual’s genetic constitution, and 
the different types and levels of fertility are the results 

Age and Fertility Every breeding female rises from infer- 
tility to increased fertility, usually reaching the peak early in 
her full maturity, she then gradually declines until she is again 
infertile Tlie situation is essentially the same in the male 
A ewe reported by Pearl (1913) conforms to the above very 
closely, she had single lambs the first two years, twins the third 
year, triplets for the next six years, twins for the following six, 
and singles for the remaining two years of her fertility 
Studies made at Wisconsin and presented briefly m Table 
XLVITI show that tlic age of ewes is a factor that influences the 
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Taull XU III Eftt tT or LMtS Acl upon 1»eu Cent op 
L^iiu Chop 


Age of ewes 2 

A.\ cnxge per cent lamb crop 1 “iS 


G 7 
17S 150 


pcrccntigt of lamb crop It l» quite gencnllj bchci oil that the 
number of o\ i ripened during OL'truin i» tilt factor tlut go\crns 
the percentage of hinb crop, protidul tlit ram U'^ed w fertile, 
but m thc'-c atudica it \\ la found tint this uas not ntcc- aril> 
true 0\er a period of -ix >tar8 >cirling rams got on the 
a\eragc a 150 per cent lamb crop, where is two- and thrct->car- 
old ram«, each u'^ed three >cir» got an avenge crop, for the six 
jears, of ISO per cent 

Studies made b> Rommel (1907) of the records of Poland 
China ‘■owa during 1902 «how that in general a «ow ilocs not 
reach the height of her prolific ic> until the five vears old A 
sumraarj of the w ork is pre«cntcd m Table \L1\ In this stud} , 


Table \L1\ Effect of Sow s Age uios Siee of I ittbiis in 


Age 

Poland China bows 

Number of 

Sows btu lied 

Vverage Size 
Litter 

1 

1 o20 

0 5 

2 

2 047 

7 5 

3 

1 lo7 

7 9 

4 

«)G 

8 3 

5 

32a 

8 7 


one rea«on for the older «ows averaging more pigs per litter was 
no doubt the fact that only tho c '■ows proving more prolific 
than the average v\crc retained 

Stewart (1945) studied the Minnesota data and found that 
gilts grow m fertility litter size among gilts increased w ith the 
age of the dam but the rate of increase declined and no increase 
was found after 15 months (Fig 84) 

Age of First Breeding and Fertility The age at the time 
of first breeding undoubtedly has an influence upon the female s 
later fertility but the degree has not been determined by ex- 
perimental work It IS believed by «tockmen that, if the fir®t 
breeding is delayed too long conception becomes more difficult, 
on the other hand if the female is bred too early in life ‘=he 
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seldom gams full maturity or her full inherent vigor, thus her 
life IS shortened, and her breeding powers are curtailed 

The most desiiable age of first breeding is subject to variations 
dependent to a ceitain extent upon species, breed, and the feed 
and care received In general, individuals of the early-maturing 
breeds can be bred at an earlier age than those maturing later, 
and individuals that have been well fed and are well grown can 
be bred earlier in life than those not so favorably handled 



275 290 305 320 335 350 365 380 395 410 425 440 455 470 485 
Age of dam in days 

I ! i ! I I > I 1 i I I ! I I 

9 10 11 12 13 14 15 16 

Age of dam in months 

Tio The effect of ago of dim on the number of pigs born (After 
StcAvart ) 

Studicss on tlie effect of breeding range heifers to drop calves 
as two-jear olds were made by Lantow (1022) through corre- 
spondence with ssi\ty-‘»i\ ranchers From tlic replies to tlic ques- 
tion “Do heifers vthich produce calves as two year olds produce 
calves at three?' the conclusion was drawn that, by breeding 
to calve it two, a >car was loat in over one-lialf the ca«cs, and 
th it, furthermore, mo&t of the heifers were stunted 

lo the (lue-tions Do jou get i higher percentage of calves 
from heifers bred to cihe at three jeirs tli in it two"^ If "o, 
how inueli gre itcr? ' thirtj -eight answered jc", ‘.ix aiisucreil no 
to the fir^t qutation, and the avenge to the -ccond questton w is 
29 per cent mere i'«e 
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To the question “At \\h it age ire >our htiftrs bred to c ihc? 
the aierage answer giicn wiia two yt irs, four and one-lialf 
months, the onl> \alid excuse g»\cn for breeding to ciUe at two 
years was that the cahe-* were needed it once for re idy cash 
Early breeding no doubt decreases the female's breeding pow- 
ers through retarded deiclopment, pos‘.ibl> the worst effect of 
early breeding, therefore, the (lueotiun of time of first bacding 
13 clo‘>ely related to the induiduars '*tate of nutrition 
The Jsorth Dihoti Experiment ‘'t ition (longwill, 1912) con- 
ducted a long-time studj of thcconipar ili\e* elTeets of fir-t breed- 
ing ewes as lambs and as jcarlmg** The twcs first bretl is lambs 
produced more limbs and more pounds of limb per ewe on the 
lifetime basis The ewca bred is lambs pnuluced iNo -ligbtly 
but not «ignificantlj more limbs and iioundn of lamb per ewe 
during the second to fifth >cars mclusiie It is reported tint 
the two groups of ewes did not dilTer noticcabl) is in iture ewes 
Longwill concluded, howcier, that the croj) of lambs born from 
the ewes when lambed as >eArlings was so inferior that it prob- 
ably did not pay for the extra expenn 
Spencer, Schott, Phillips and Aunc (1912) report results op- 
posite to those of I ongwill The ewts bred first ns lambs pro- 
duced slightly less wool about 0 3 pound less per clq) but tlicrc 
was a material increase m total lamb production They state, 
‘This practice is recommended where adequate development of 
lambs IS obtained ” 

Nutrition and Fertility As noted above, feed has a very 
important effect upon the individuals degree of fertility In 
the studies of Lantow referred to above, the question was asked 
Do heifers bred to calve at two years old when winter-fed both 
years drop calves at throe? What is the percentage of the calf 
crop from these three-year-olds^' The consensus was that the 
majority of the three-year-olds would drop calves, the average 
of the replies being 78 8 jicr cent, which is about a normal aver- 
age under range conditions Tlie'« questions were followed by 
Do heifers bred to calve at two years old, when not winter-fed 
either year, drop calves at three years old? What is the per- 
centage of calf crop from these three-year-olds?” The replies 
indicated that such three-year-olds do not usually drop calves, 
the average being only 18 per cent Comparing the answers to 
t ese questions with the preceding ones indicates that a 60 per 
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cent greater calf crop may be expected from three-year-olds that 
are bred to calve first as two-year-olds, provided they are 
winter-fed 

Shepherds have long been aware that "flushing” — getting the 
ewes in a rismg condition previous to breeding — results in a 
larger lamb crop The results of experiments run for six years 
by the United States Department of Agriculture were that 
"flushed” Southdown ewes produced 198 more lambs per 1,000 
ewes than non-flushed ones Flushing is accomplished by turn- 
ing to a fresh pasture or by feeding one-fourth to one-half a 
pound of grain per day The same practice has been put into 
effect by many swine breeders with equally good results 

Overfeeding is jUst as detrimental as underfeeding, and it is 
regrettable that each year a considerable number of our beat 
young females, especially beef heifere and ewes, are so highly 
fitted that they never become regular producers 
The practice of carrying breeding animals in show condition 
over long periods appears to have disastrous effects on the fer- 
tility of many animals The deep deposits of fat in and around 
the genital organs appear to be detrimental to their function 
It IS likely that the general effect of carrying an excess of fat 
slows functioning of the endocrine system and that this has a 
direct effect on fertility 

On the other hand, underfeeding may be equally detrimental 
Underfeeding on an adequate ration will not have an adverse 
effect nearly so quickly as when the ration la deficient in some 
particular constituent Rations deficient m vitamin A lead to 
sterility but only after the deficiency has become so pronounced 
that considerable damage has been done m other respects 
Therefore, reduced fertility is secondary to the mam effects of 
vitamin A deficiency The B vitamins and vitamin C are impor- 
tant to normal fertility Deficiencies due to lack of the former 
are unlikely to occur in ruminants since they are capable of 
synthesizing these nutrients, however, caution should be taken 
that the B vitamins arc adequately supplied in the diets of other 
classes of livestock Generally, sufficient vitamin C will be pres- 
ent in normally balanced rations which include well-cured rough- 
ages of good quality Much has been written about vitamin E 
and its effect on fertility. Recent work, however, indicates tliat 
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vitamin E is not necessary for reproduction, in some species at 
least 

Rations deficient m any of the minerals, to the point that the 
animal’s normal growth and development have been impaired, 
will lead to reproducti\e disturbances The same is true for all 
other nutrients In general, a balanced ration fed m sufficient 
quantity for normal growth and development will be sufficient 
to carry out normal reproductive processes Naturally preg- 
nancy (particularly the latter third) and lactation demand addi- 
tional amounts of all nutrients for the female, and allowances 
must be made at these times m order for her to complete her 
task of producing young 

Environment and Fertility It is the experience of stock- 
men that females receiving regular exercise and unstinted fresh 
air are more likely to raise a full crop of young the following 
year than those confined to close quarters The same applies to 
males The far too common practice of penning the ram and 
boar m small pens, and of tying the bull or stallion m the most 
out of-the way comer of the bam with no exercise and little 
care between breeding seasons is to bo deplored, it is destined to 
result in a decreased get by those males Both mares and stal- 
lions will breed more regularly if given a reasonable amount of 
work throughout the year 

The immediate effect of increased exercise is often a drop m 
the degree of fertility rather than a nse In the practice of de- 
veloping show herds young animals frequently go through the 
entire growing period in a very high condition and with very 
little exercise After the animal has won its laurels it is put into 
the breeding herd By this time the degree of fertility is fre- 
quently too low Then an attempt is made to restore the ani- 
mal’s fertility through increased exercise and decreased feed 
The animal is soft and forced exercise results in overheating 
which IS disastrous to fertility In tune some of the animals can 
be returned to a fairly fertile condition, but too many are ruined 
permanently The proper tune for the exercise is during the 
grow mg period with perhaps more moderate amounts thereafter 
Sheep and goats are seasonal breeders, with their breeding 
season occurring mainly m the fall of the year Some breeds do 
not follow this order entirely and may breed twice a year A 
gradual decrease in the length of daylight over a period of sev- 
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eral weeks seems to be the pnmary stimulus which in turn con- 
trols the endocrine function of tlie pituitary gland IMany at- 
tempts have been made to alter tlieii bleeding season by induc- 
ing oestrus with injections of the gonadotropic and estrogenic 
hormones during the spring of the year m order to get two crops 
of offspring per year Consideiable variation has occurred in the 
results thus fai, to the extent that the lepeatability m success 
from such treatments has been very poor Undoubtedly, other 
environmental stimuli and their interaction with changes m the 
extent of daylight are playing an important role 

Seasonal variations in the degree of fertility in the bull and 
ram have been noted Both show a marked decline in semen 
production during the summer months and a further decline 
under extremely hot climatic conditions Comstock et al (1943) 
reported that a high condition and long fleeces on rams during 
summer months had unfavoiablc effects on semen production 
Reproductive Failures The physiology of reproduction is 
a very intricate and complex process interrelated with nearly 
all other functions of the body In some instances a specific 
condition or a paiticular disease can be identified as the cause 
of repioductive failuie In other cases, no apparent reason for 
sterility or lowered fertility can be ascertained However, the 
causes of reproductive failure can most frequently be found 
among the following (1) anatomical defects, (2) mechanical 
injury of the genitalia, (3) infectious diseases, (4) prenatal 
death of the young, (5) physiological disturbances, particularly 
improper hormone balances, (6) gametic incompatibility, (7) 
low vitality of gametes, (8) failure to mate at optimum time 
during the oestrual penod, (9) psychic incompatibility, (10) 
impaired nutrition, (11) miscellaneous environmental disturb- 
ances, and (12) genetic causes which may be directly or indi- 
rectly related to the above factors 
Tanabc and Casida (1949) studied the nature of reproductive 
failures m cows of low fertility on a carefully selected group of 
104 such cows The cows showed no detectable genital abnor- 
malities but had been ‘^repeat breeders” for at least four times 
All the cows had previously calved at least once They were 
m^eiinnatcd artificially and slaughtered on either the third or 
thirtj -fourth day following breeding At 3 da>s 66 1 per cent of 
tiic cows examined Iiad fertilized ova, but at 34 days onl> 23 1 



320 FertiUty 

ner cent had noimal embryo. Visible genital abnormalities 
not detected by clinical examination nere found in 10 6 per cent 
of the animals, and 8 per cent aero physical harriers ^ lertl - 

zation These coas could be dnided into three groups (1) lail- 

ure of fertilization, 39 7 per cent. (2) embryonic abnormalities 
and mortality before 34 days, 392 per cent, and (3) normal 
pregnancies at 34 days, 21 1 per cent , * „ 

Wamick et al (1949), studying the nature of reproductire 
(allures m sows and gills, found that repeat breeding was due to 
failure of fertilization in 53 4 per cent of the gilts and 32 6 per 
cent of the sows ob-cned Accountable failure of fertilization 
due to bilateral tubal abnormalities, bilateral missing segments, 
or bilateral cystic oranes comprised 30 per cent of the gilts an 
15 8 per cent of the sows Embryonic death was responsible for 
repeat breeding m 23 9 per cent of the gilts and 67 4 per cent of 
the sows Thus, the major cause for repeat breeding m gum 
appeared to be failure of fertilization due to genital abnormali- 
ties, whereas m sow s it w as primarily caused b> embry onic death 
Studies at Minnc‘-ota and other experiment stations indicate 
that prenatal death and rc'^orption in swme arc one of the mo t 
important causes, if not the mo't important cause, affecting the 
degree of fertility It appears that if it i** possible for conception 
to take place, the fertilization rate is \ery clo-^e to 100 per cent 
The resulting litter «ize is primarily due to the rate of embry onic 
mortality becau«e there arc nearly always many more eggs 
posited, as determined by corpora iutea, than living young at 
term or at varying stage" of pregnancy The average rate ol 
embryonic mortality during the first 25 to 30 days of pregnancy 
IS between 25 to 30 per cent with an additional mcrea e of 10 
per cent from that time until the end of the gestation penod It 
has also been observed that the pig can die and be ^e^orbed at 
any time dunng its prenatal life 

Hammond (1950) points out that a strong possibility for repro- 
ductive failures m cattle (and the same could be true of other 
classes) is too rapid passage of the ova down the Fallopian 
tubes The re«ult of this la that either the ova do not get fer- 
tilized, or if fertilized, they pa«s to the uterus before it is m a 
properly receptiv e state and degenerate there Ov a can be ‘ tube- 
locked by excessive estrogen stimulation and speeslcd up down 
the tract by excessive proge^tm stimulation Therefore, the 



Testing for Fertility 321 

proper estrogen-progestin balance appears to be critical for this 
particular function 

Testing for Fertility. The final test for fertility is, of course, 
whether young arc produced The difficulty with that test is 
that it is too slow and expensive Fortunately, through modern 
technics a rather satisfactory appraisal can be made of the male’s 
relative fertility by examination of the semen in the laboratory 
Some of the most valuable teats for semen quality are as follows: 

1 Motility of sperm is still the best single appraisal of their 
vitality if it is carried out on a quantitative basis and with good 
judgment Ordinarily this should be done by diluting a portion 
of the semen sample with a suitable clear semen diluter or with 
0 9 per cent NaCl solution, placing a drop of this in a hanging 
drop slide, and examining it microscopically between lOOX and 
500X magnification The dilution should be high enough so that 
the sperm cells arc separated completely and their movement 
observed individually Percentages of motile sperm can then be 
determined, and the various types of movement can be enumer- 
ated The more viable samples will show a higher content of 
sperm that move rapidly in a stiaight line with little lost motion 
m the tail movements 

The phase microscope has made it possible to study motility 
and morphology of spennatozoa more accurately than has been 
possible with tlie regular microscope High motility ratings of 
semen from bulls sampled in the above manner liave a close 
association with the bull’s fertility record m the field It must be 
conceded that tlic movement of the sperm is not its sole means 
of ascending the female tract and fertilizing (he ovum, yet it is 
an indication of general vitality of the cell, winch includes otlier 
characteristics necc'-sarj' to complete the processes of fertiliza- 
tion Not all sperm that are motile are capable of fertilization, 
and, m rare inst inces, some samples of ejaculated semen showing 
no apparent motility outside the genital tract of tlic female arc 
cipiblc of fertilization 

An clcctnc il method for measuring rate of motility of semen 
by meins of an imjiedincc bridge has been developed by the 
workers at Cimbndgc Univcr^sity (Itotlischild, 1919) Tins 
methoi! is more objective than the usc of a microscope, since it 
elimmites the human error .ihva>s encountered m imcrwcopic 
examm.itions However, it is limited to bull or ram semen since 
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the degree of swirl action as found in highly concentrated semen 
IS what IS actually being determined The procedure involves 
placing a pair of platinum electrodes about one millimeter apart 
in a sample of freshly ejaculated semen An alternating current 
of 50 millivolts and 5 kilocycles is then passed through the semen, 
and the impedance bridge is brought mto balance with it As the 
sperm cells move about in a swirling manner between the elec- 
trodes, the electrical field is disturbed and the impedance 
changed These changes m impedance arc indicated on an oscil- 
loscope The rate of movement of the sperm is proportional to 
the rate of impedance changes, and the latter is then used as an 
index of sperm viability m the particular sample tested 

During 1950 to 1953 research has been m progress at the Uni- 
\ersity of Minnesota m cooperation with one of the dairy cattle 
artificial breeding centers m Minnesota, where semen samples 
from bulls used in artificial insemination have been collected 
and tested by a number of procedures (Cummings and Winters 
1953) Two of the mam objectives of the study have been to 
determine the relationship between the results of these laboratory 
tests and the breeding efficiency of the bulls m the field and to 
develop a reliable semen-testing procedure that will accurately 
predict the breeding efficiency of the bulls The Rothschild im- 
pedance bridge has been used extensively as one of these tests 
The results are very promising and might very well prove to be 
the best single semen test for tiie evaluation of the fertility m 
bulls The results of a four month testing period given in Table 
L show the relationship between the rate of impedance changes 
of the semen and the breeding efficiency of the bulls tested 

Table L The IlELATioi«SHir between the Rate of Impedance 
Changes op Bull Isemen and the Breeding Efficiency of Bolls 
Tested 


Rate of 

Average Breeding Efficiency 

No of 

Impedance Changes 

of Bulb Tested Per Cent 

First 

per Mm 

Non-Returns in 30-00 Days 

Services 

120 and over 

71 

122 

101-125 

71 

3,870 

70-100 

70 

4,393 

51-75 

67 

3,900 

20-50 

61 

1,854 

0-25 

5S 

501 
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During the same investigations a high association was found 
between rate of impedance changes and the results of an addi- 
tional laboratory test run on the same samples (Table LI) At 

Table LI Relationship bbt\veen Rvtb op Impedance Changes 
AND Other Semen Ciiaiucteristics 


of 

Impedance 

Number 

Average 

Sperm 

Coneen 

trattOD 

MiU ODS 

Average 

Motility 

(Microscopic) 

Motile 

A\ erago 
Respiration 
Rato Cubio 
Millimeters 
O 2 per 0 125 
Cubic 
Centimeter 

Live 

Abnor- 

mal 

Sperm 

Changes 

of 

per Cubic 

Per 


Semen m 

^er 

Per 

per Min 

Samples 

Millimeter 

Cent 

Index • 

1 Hour 

Cent 

Cent 

126 and over 

10 

2 45 

81 

67 

44 07 

86 

10 

101-125 

45 

2 14 

71 

58 

30 67 

76 

10 

76-100 

58 

1 80 

69 

45 

27 95 

75 

n 

51 75 

66 

1 64 

62 

39 

19 5S 

67 

12 

26 50 

87 

1 42 

SO 

26 

17 08 

62 

17 

1 35 

63 

1 01 

48 

26 

14 81 

61 

14 

0 

11 

0 55 

19 

13 

6 50 

32 

7 


*The motUty index woe determined by mult plying the percentage motile eperm by & 
factor indicating tlie types of motility found m the sample 

the same time this test gave a good indication of how well the 
semen would hold up under storage since the microscopic motil- 
ity ratings, respiration rates, and percentage of live sperm were 
determined 24 hours after the semen was collected and the rate of 
impedance changes was determined immediately after collection 
2 Sperm concentration of semen can be determined by count- 
ing the number of cells in a known volume of fluid after the 
semen is diluted at a liigh but known rate The regular hemacy- 
tometer counting chamber is used for this purpose but it is slow 
and tedious The use of photoelectric calorimeters and spectro- 
photometers to measure the amount of light transmitted through 
a fine suspension of sperm aie quite accurate and fast The use 
of barium sulphate suspensions set up as standards to compare 
with semen diluted at a constant rate is also rapid and satisfac- 
tory (Comstock et al, 1943) Average sperm concentrations for 
semen from various classes of farm animals are given in the fol- 
lowing chapter 

Generally, denser samples of semen arc more viable, but cau- 
tion must be exercised in this evaluation since it is true only if 
they arc equal in other respects ^lalcs with good fertility rec- 
ords generally produce semen of high sperm concentration 
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3 Measurement of special metabolic rates of sperm cells is 
quite useful m evaluating the relative fertility of different males 
Those employed so far are (1) respiration, the reactions which 
result in oxygen uptake, (2) glycolysis, rate of carbohydrate 
metabolism, (3) fructolysis, the rate of fructose utilization, and 
(4) the rate of methylene-blue reduction 
Respiration is most accurately measured by a Warburg ap- 
paratus, but a simpler type of apparatus which is portable has 
been designed by the workers at the University of Minnesota, 
and it 13 satisfactory for comparisons where extreme accuracy is 
not required (Comstock et al , 1943) The higher respiratory 
rates of semen indicate greater viability both m respect to liva- 
bility of the semen under storage conditions and m respect to 
its fertilizing capacity The following table includes some re- 
sults by Walton and Edwards (1938), showing the relationship 
between service records of bulls and the respiration rates per 
million sperm of semen samples from the same bulls when an ex- 


hauation method of collecting was used 

Av Resp 

No 01 

Services per 

Av Initial 

Rate at 

Bulls 

Conception 

Resp Rate 

2 Hours 

3 

1 9 

0 286 

0 007 

6 

2 9 

0 187 

0 035 

4 

6 9 

0 127 

0 012 


Glycolysis of sperm can be measured anaerobically or aerobi- 
cally ^\ith a Warburg apparatus Comstock et of (1943) found 
that anaerobic glycolysis of ram semen was highly correlated 
with respiration rate and livability of the sperm under storage 
conditions Since this is true either glycolysis or respiration 
alone can be used for routine testing of semen 
Mann (1948) developed a method of determining the rate of 
fructose utilization by sperm and has proposed it as a means of 
evaluating semen quality He has found that fructose is the 
mam carbohjdrate naturally occurring in semen and present as 
a principal source of available energy to the sperm cells 
The raethylcne-blue reduction test, adapted to semen analysis 
by Beck and Salisbury (1943), is especially useful m rating 
samples of bull semen Two-tenths milliliter of bull semen is 
diluted with 0^ milhhter of yolk-citrale diluent in a small test 
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tube To this is added 0 1 milliliter of a metliylene-blue solution 
composed of 50 milligrams of methylene blue dissolved in 100 
milliliters of sodium citrate buffer When the tubes are incu- 
bated m a water bath at 45*^ C , the best samples reduce the blue 
color of the dye in 3 5 to 6 minutes Poor samples require 
longer — up to 40 minutes 

4 Differentiation of live and dead spermatozoa can be accom- 
plished by subjecting a very small sample of semen to a sodium 
phosphate buffer solution containing the vital stain, eosm B 
(Mayer et al , 1951) Usually another stain such as fast green is 
added to give contrast A smear of this mixture is prepared on 
a slide and dried rapidly The dead spermatozoa in the sample 
take up the eosm stain, and the live ones remain unstained In 
this way differential counts can be made This technic is quite 
useful in evaluating semen quality and as an aid in developing 
technics for handling semen to be used for artificial insemination 

5 Semen can be evaluated on the basis of its content of mor- 
phologically abnormal sperm This is done through the prepara- 
tion of smears of semen on a microscope slide and staining the 
sperm cells A number of suitable stains and technics are avail- 
able Differential counts are then made, and the various mor- 
phological types are classified and enumerated Males with good 
fertility records in the field generally have abnormal counts of 
less than 15 per cent 

6 It has been known for many years that there is a high cor- 
relation between the fertilizing capacity of sperm and the main- 
tenance of sperm motility when the semen is stored at relatively 
low temperatures (5° C ) To determine these ratings for liva- 
bility at a low temperature, a great deal of time is involved 
Studies by Beck and Salisbury (1943) have shown that the 
length of storage time can be reduced to one to two hours by 
increasing the storage temperature to 46 5® to 47 5® C The cor- 
relations for storage at tliese two temperatures was very high 
Therefore, samples can be rated for motility before and after in- 
cubation at 46 5® to 47 5® C , and the ability of the spenn to 
survive at this temperature is used as a criterion of quality 

The ability of sperm to withstand temperature shock (a sud- 
den reduction m temperature) is related to its viability (Cum- 
mings and Winters, 1953) A small diluted sample of semen is 
warmed to body temperature, then suddenly immersed in a vessel 
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of ice water and held there for 10 minutes Good samples will 
show less proportional increase m dead sperm after this treat- 
ment than poor samples The live and dead staining technic or 
motility ratings used before and after the temperature shock are 
Useful measures for this test 

No single test of semen quality is adequate in itself for meas- 
uring the relative degree of fertility of a male Recent informa- 
tion seems to indicate that a combination of the abo\ e tests and 
possibly the deielopment of neu tests to be used m conjunction 
with these will be more useful to accurately appraise the breed- 
ing efficiency of males No exact scale for fertility along that 
line is available at present 

Unfortunately, no satisfactory' comparable measure of the 
female’s relative fertility ha« been developed There is no ques- 
tion but that there is variation in the viability of ova, but these 
gametes arc produced in small numbers, compared to the male, 
and are too difficult to recover in lai^c enough numbers for ade- 
quate appraisal Some recent work, however, has demonstrated 
variations in metabolic activity of eggs from lower forms of 
animals 
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Artificial Insemination 

Artificial insemination is the deposit of male reproductive cells 
(sperm cells) in the female reproductive tract by mechanical 
means rather than by direct sen^ice of a male It has been 
known for a long time that it is possible to breed animals arti- 
ficially, but the early methods were not entirely satisfactory 
Only since about 1940 has the practice been expanded to any 
large extent in the United States Insemination technics have 
been developed and improved, research has been conducted on 
methods of collecting, storing, handling, and evaluating semen, 
and associations have been formed for artificial insemination 
Uses of Artificial Insemination In a number of ways artifi- 
cial insemination is proving useful to the livestock industry It 
should always be regarded as a tool for furthering constiuctive 
animal breeding 

1 The usefulness of a given sire may be greatly extended 
Two advantages are the young sire can be evaluated earlier in 
life tlian he could be by natural mating, and more extensive use 
can be made of sires that prove to be valuable because they can 
be used on more females The progeny testing of a young sire 
can be done in a relatively short time, and matings can be made 
to a wider variety of females by using artificial insemination 
It IS then possible to put the males With the highest proving into 
a moie extended regular service at an earlier age and during the 
peak of their fertility Througli artificial insemination the serv- 
ice of a bull or ram may be extended 10, 20, or more times and 
that of a stallion or boar 2 to 4 times Duiing recent years cer- 
tain bulls used m artificial breeding associations have each bred 
as many as 2,000 to 4,000 cows annually A single ejaculate 
may be diluted and dnided so that several females may be m- 
•veminatcd Also the number of waited matings is reduced A 
male running with a group of femaies will mate each female a 
327 
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number of times during a smgle heat period Service counts 
made on a vigorous ram run as higli as 22 within an eight-hour 
period In the same number of regulated services, the ram could 
have ejaculated enough semen to have inseminated 400 ewes 


artificially 

2 Valuable sires that cannot make a satisfactory service be- 
cause of physical handicap, such as age, size, or a crippled con- 
dition, can, m many cases, be used successfully by means of arti- 
ficial insemination An example of such a male was a Shropshire 
ram which was owned by the University of Minnesota Because 
of advanced age, the ram was unable to make a sufficiently vig- 
orous service to deposit semen much beyond the vestibule His 
sperm were fairly active, but he failed to settle the majority of 
the females served When his semen was collected and used arti- 
ficially, a normal percentage of ewes was settled In another 
instance, a young Abcrdeen-Angus bull was too short-legged 
to make a satisfactory service Furthermore, his ejaculate was 
small, and the number of vigorous sperm cells was rather low 
He settled few females by natural service, but the whole herd 
was settled through the aid of artificial insemination 

In crossbreeding it is often desirable to use breeds quite dis- 
similar in size, and difficulty is frequently encountered in making 
such matings This difficulty can be overcome by artificial in- 
semination 


3 In monogamous species and in cases of psjchic incompati- 
bility, artificial insemination can be used to advantage 

4 Matings can be made between animals located at distant 


points at less expen«ie or hazard than would be incurred by trans- 
porting one of the animals Semen can be shipped considerable 
distance with satisfactory results 

5 Artificial insemination properly used can be instrumental 
in the control of some diseases 

6 Artificial insemination is making it possible for individual 
farmers to dispense with their own bulls Dispensing with bulls 
IS a special advantage to the dairy farmer because dairy bulls 
are often dangerous and require valuable room, labor, and feed 
Artificial insemination is proving of mo&t value to the dairy 
fanner 


7 In cases of delayed ovulation on the part of the female, 
artificial insemination provides a means of breeding the females 
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Cost of Artificial Insemination 

after they have gone out of lieat and of tliereby supplying fresh 
semen m the oviducts closer to the time of ovulation than is pos- 
sible with natuial breeding Post-oestrunl ovulation always 
occurs in the cow, and some hard-to-settle cows consistently 
ovulate later than is expected on tlie average These individuals 
should be bred after they have passed out of heat, and artificial 
insemination is the best means of making this type of mating 
^lany mares also perform in a like manner 

8 Through artificial insemination dairymen and beef cattle 
producers located outside the range areas are better able to use 
crossbreeding in a more systematic order Through centrally 
located bull studs they can secure semen from different breeds 
without having to maintain several bulls of the different breeds 
needed on their own farms 

Limitations of Artificial Insemination Artificial insemina- 
tion has some limitations 

1 Cost of equipment and added labor, whicli a few years ago 
limited the widespread use of artificial insemination, has since 
become of minor importance Tlie formation of artificial insemi- 
nation organizations and the increased availability of instru- 
ments have almost eliminated equipment costs and any addi- 
tional labor on the part of the fanner 

2 Not all mseminators are properly trained, some cannot be 
properly trained This condition will probably always be a fac- 
tor limiting the most successful use of artificial insemination 

3 The possibility of disseminating disease may always be 
present, but suitable precautions have already greatly reduced 
the hazard 

4 The usefulness of artificial insemination m breedmg beef 
cattle, sheep, swine, and poultry may be limited for some time 
Most beef cattle in the United States are bred on the range, and 
it IS difficult to visualize artificial insemination as becoming gen- 
erally practicable under range conditions The relatively low 
cost of sires of the other tliree species may make artificial insemi- 
nation unpractical With si\ine, a boar’s service can be spread 
to so fei\ females that extensive use of artificial insemination is 
unlikely 

Cost of Artificial Insemination The cost of artificial in- 
bcmmation may be calculated in two ways in actual cash out- 
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lay, artificial insemination can compete favorably with most 
natural matings w here mature bulls arc u-«ed , Dowell and niters 
(1942) found that the actual breeding costs by artificial in'^cim- 
nation averaged only about one-half that of direct service by 
the bull . 

Through the use of well-selected young sires and proved bulls, 
fanners, on the average, may have their cows bred to bulls o 
higher quality than they could or would have if they had pur- 
chased their own hulls When this fact is taken into considera- 
tion, comparisons of actual costs m dollars have little signifi- 
cance, e«pccially since the cost of artificial in'scmination in do - 
lars 13 much less than when natural matings are made 

Proper Organuation and Technics Required. Artificial in- 
semination IS a method of breeding which has the possibility of 
great benefit to farmers, however, a large financial lo»s may 
occur if the associations for artificial insemination arc improp- 
erly organized or managed 

The individual farmer is mainly interested m two things im- 
proving his herd and getting Ins cows or other females settled 
If, through improper organization of the artificial insemination 
unit or through the use of improper technics the herd owners 
females arc not successfully ccttlcd within the limits of normal 
expectations, the resulting financial lo«s may more than offset 
the long time benefits It is imperative that each step m any 
artificial insemination program be taken accurately and with 
the utmost care 

Semen Semen is a su'^pcnsion of spermatozoa in seminal 
fluid It IS an opaque, white to light cream-colored fluid Some 
of the quantitative characteristics of semen from different males 
arc given in Table LII 

Table LII Quantitative CiiAOACTERibTics of Semen * 


Volume per Ejaculate, Sperm Con«intration Sperm 
Ammal Cubic Cenlimeters per Cubic Millimeter pH 

Bull 0 5 5 0 15 0 300,000 800 000 2 000 000 6 5-7 5 

lUm 05 1 0 2 0 600 000 2 000 000 6 000,000 6 2-7 0 

Stallion 40 100 350 30 000 100 000 800 000 7 0-7 8 

Boar 125 200 500 25 000 IQO 000 1,000,000 6 8-72 

Cock 0 1 06 1 5 50000 6 000 000 7 3-78 


• Underlined figures represent averages, others, the range 
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Collection of Semen Se\cral methods of collection have been 
developed as follows 

1 The artificial vagina provides the mo&t satisfactory method 
of collecting semen from the bull, stallion, or boar, and it may 
be used for the lam Artificial vaginae suitable for bulls (Fig 
85) are easily obtainable today from vvell-established livestock 
supply companies The vagina consists mainly of a heavy rub- 
ber casing through which a thin lubber tubing is inserted and 
folded ovei each end and fastened with rubber bands so as to 
form a jacket between the liner and heavy rubber casing A 
thin rubber director cone is fastened over one end of the artificial 
vagma, and the glass semen-collecting vial is attached to the 
smaller end of the cone A laiger glass vial paitly filled with 
waim water (temperature, 85®-90® F ) may be placed over the 
semen vial and sealed at the open end witli a heavy rubber ring 
between the two The latter piovides warmth to the semen 
vessel so as to avoid a sudden drop in temperature when semen 
IB being collected during cold weather However, the semen- 
collecting vial need not be used at the time of collection, instead 
the director cone can be folded back over tlie end of the outside 
heavy rubber casing and the semen jioured out of the vagma into 
a glass vial when the instmmcnt is taken into a place of room 
temperature after collection An additional aid to avoid rapid 
cooling of the artificial vagina during cold weather is to wrap 
the closed end with an electric heating pad (if electricity is avail- 
able) or to use a hot water bottle in the same way 
After the artificial vagina lias been assembled as outlined 
above and according to Fig 85, the jacket between the inner liner 
and outside casing is filled with water hot enough to give a 
temperature inside (when checked with a themioineter just piior 
to collecting semen) that will be agreeable to the bull and will 
not injure the semen Tins temperature usually averages about 
105® but may vary fiom 95° to 115® F , depending on the bull 
It vs as the author’s cNptncuce that, when semen was collected 
fiom jacks by this method, some jacks required artificial vagma 
temperatures as high as l'i0®r In any event, it seems quite 
ntces'ary to cater to tlie likes and dislikes of the male being 
used Tlie pressure within the water jacket must also bo ad- 
justed to give sufficient room for the entrance of the penis and 
5 et suitable to the hkea of the male 
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The next step is to lubricate the inside of the vagina gener- 
ously yet not to the extent that excess amounts of lubricant will 
flow into the collecting xial A most suitable lubricant is one 
piepared as follows (1) Mix 6 ginms of powdered gum traga- 
canth with 10 cubic centimeters of glycerine and stir until the 
mixture has a creamy consistency (2) Add 100 cubic centi- 
meters of boiled distilled water while still hot to this mixture 
and beat thoroughly (3) A small thymol crystal may be added 
in order to prevent mold and bacterial growth, and the mixture 
IS allowed to stand for at least 24 liours This lubricant should 
be refrigerated until needed It is considerably better than min- 
eral oil or Vaseline which Imve been used so extensively in the 
past, becau*5e being highly soluble in water it washes off the 
lubber equipment easily and it is not injurious to sperm ^Iin 
eral oil or Va«elme dcterioiates rubber quite rapidly and is very 
difficult to remove 

The male to be used is now allowed to mount a female, an- 
other male, or a dummy As the mounting act takes place the 
operator directs the penis (by taking liold of tlie sheatli) into 
the aitificial vagina, and the ejaculation is made The semen 
is then drained immediately into the collecting vial and taken 
into a room wliere the temperature is about 72° F It is not 
allowed to go below that temperature at any point during the 
procedure until it has been processed for storage 

The same instrument can be used for collecting boar semen 
excepting that the semen is collected into a large receptacle from 
the director cone With some boars a simple rubber-tubing type 
of artificial \agina may be used in place of the one with a 
water jacket (Tig 85) It is merely lubricated on the inside 
and placed over the penis when tlie boar mounts a sow, and the 
semen is then allowed to flow into a large glass receptacle as 
ejaculation takes place With the boar it is sometimes necessary 
to simulate the vaginal contractions of the sow by repeatedly 
oqueczing the outer casing of the vagma with the water jacket 
The artificial %agma for the stallion and jack has been de- 
scribed in detail by Lambert and McKenzie (1940) It is larger 
but constructed and used according to the same basic pattern 
as for the bull The one for a ram is of the same order and is 
described by these workers 
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2 The vaginal method of collecting ‘‘Cmen is merely allovMng 
the male to «crve a female m or out of licit naturalh and then 
withdrawing the =cinen from her vagina A female out of heat 
IS definitely preferred becau'-c vaginal ‘•ccrctions during oestrus 
are quite detnmental to sperm This method is most ‘•ati«factorj 
for collecting semen from ram**, mainly becau e a ewe out of 
heat can be restrained easily for the collection How t\ cr, certain 
males refuse to work under these condition-* Before allowing 
the ram to mount the female, her vagina should he nnsed thor- 
oughly with a suitable clear semen dilutcr or with 0 9 per cent 
sodium chloride solution \fter ejaculation the semen is with 
drawn from the anterior end of the vagina into a gla«s pipette 
(Fig 85) When this method is employed botli the male and 
female mu't be ah olutcly free from diseases 
3 Collection of «cmcn from the hull by massaging the ampullae 
per rectum has been u'cd quite succcs fully and particularly 
when the bull has been injured «o that he is incapable of mount- 
ing, when he refuses to u«c the artificial vagina or in certain 
cases when the bull is incapable of producing an erection If 
proper care is taken a bull can be u«cd by this method regularly 
over a long period of time without injury to the bull or to his 
reproductive tract The tcchnic docs however require consider 
able skill on the part of the operator and in many instances a 
certain amount of training on the part of the bull i» nece-sary 
The bull 13 first secured firmly m a suitable stanchion or 
stocks The out«ide of the «heath should first be clipped, washed 
thoroughly with warm water and carefully dried with a clean 
towel Dunng the washing procc it will be found that the bull 
will urinate frequently Tlie washing should be continued until 
urination ceases because unne is quite harmful to sperm sur- 
vival 

An assistant then holds a small glass funnel leading to a glass 
semen vial directly beneath the bulls sheath He should have 
several glass vials available m order to be able to change at any 
time during the collection if contamination of part of the sample 

ou d occur The operator having tnmmed his fingernails quite 
clo ely and having placed a clean rubber sleeve over his arm 
and a surgeon s rubber glove over his hand, then inserts his hand 
up the bulls rectum and removes all feces present With his 
hand well lubncated he palpates the bulls genital organs lymg 
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on the floor ot the pelvis He may next caiefully massage the 
seminal vesicles, the prostate, and the Cowper’s glands, thus 



Tio SO Dorsal view of the mlcrail oigins of a bull (From Miller and 
D\an3 in Journal Ayncullural Uesearch) (a) Bladder (b) ureter, (c) 
seminal vesicles, id) ‘irnpulJie (<?) bod} of prostate (/) pehic urethra, 
(ff) bulbo-urcthral (Cowpers) glands 

attempting to itimulato &ome «ccrLtion of seminal fluid to rinse 
the bull’s urethra Sometmtt& this ma'^sage may stimulate an 
cjacuhtion of semen If not (and gonerallj it docs not), the 
opentor then starts prc-ning ont xmpulla at a time between tlu 
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floor of the pelvis and the first three fingers of his hand, at the 
same tune drawing the hand backwards as if to literally squeeze 
or "milk” the spermatozoa out of tliat portion of the tract Tins 
action IS repeated sc\cral times m a rhythmic manner on each 
ampulla until a fair amount of semen has been recovered at the 
end of the penis At no time should excessive pressure be ap- 
plied 

Before attempting to collect semen by the massage method it 
IS well to make sure that the bull has not ejaculated either by 
natural service or by some method of collection for two or three 
days to insure the probability that the ampullae arc full of sper- 
matozoa If they arc not full, the process of collection is much 
more difficult The collection of semen by the maceage method 
IS considerably easier from a thin bull than from a fat one 
Semen collected by the massage method is generally not of as 
good quality as that collected with an artificial vagina, owing in 
part to the increased chances of contamination and probably 
also owing to the incomplete imitation of natural ejaculation 
4 Collection of semen by electrical «timulation has been used 
on the ram and small animals It was first described by Gunn 
(1936) To carry out the operation the ram is laid on his side 
with his feet and head fastened down quite securely, and a senes 
of electneal shocks is admini'-tcrcd to him through electrodes, 
one of which is placed G inches inside his rectum and the other 
between the fourth and fifth lumbar vertebrae About ten or 
twelve and not more than twentv 'hocks are given m a 'enes of 
5 seconds on and 5 seconds off of increasing voltage from 10 to 
50 volts and an amperage of not over 150 milliamperes 

Itcmating current is used by pacing it through the primary 
of a small transformer and tapped in the secondary at the volt- 
ages required If electric current is not available a small hand- 
umed magneto can be u«cd to generate the electricity The 
electrode for the rectum is prepared by inserting a heavy copper 
wire with a flange on the free end through a piece of glass tubing 
M ^ ac mg the other end to one pole from the transformer 
e 0 er e ectrode for the lumbar region is prepared in a similar 
ay, and the free end is merely pressed tightly against the skin 
ta spot about four square inches having been clipped free of 
fifth 1 ^ over the spinous processes between the fourth and 
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To collect the semen during tlie senes of electrical shocks, the 
penis may be withdrawn from the sheath sufficiently to expose 
the glans penis and thus allow the semen to flow therefrom into 
a clean glass vial However, it is sometimes quite difficult to 
hold the ram’s penis during the procedure If so, a small clean 
glass test tube of the right size may be inserted into the sheath 
with the open end covering the glans penis to collect the semen 
Semen collected by electrical stimulation is often of poor qual- 
ity because of frequent contamination by urine which may also 
be expelled due to this type of stimulation In addition, rams 
vary considerably in then response to the method Generally, 
the ram is temporarily paralyzed m the hmd quarters for 10 to 
15 minutes immediately after the shocks have been discontinued 
and he has been released This is of no serious consequence, 
and no permanent damage will ensue if proper precaution has 
been taken to avoid too many shocks or too high voltage or 
amperage, hence the necessity for including a voltmeter and 
milliammeter It has been the author s experience also that sev- 
eral treatments at regular intervals 1 to 2 days apart on the 
same ram has no permanent damaging effects This method 
should be used only after collection by natural ejaculation has 
failed or is not possible 

5 Upon special occasions, semen may be withdrawn directly 
from the epididymis and used for artificial insemination pur 
poses Attempts have been made to withdraw it from the live 
animal with a hypodermic syringe and needle, but serious com- 
plications from infection and trauma have resulted This method 
IS generally applied when the sire has been marketed and butch- 
ered because of some incurable injury or other cause At that 
time the testicles are rcmo\ed early m slaughter, and the spenn 
IS squeezed out of several openings made m the epididymis The 
sperm are then diluted with 0 9 per cent sodium chloride solution 
or Kmger’s solution for immediate insemination or are diluted 
with a suitable semen diluter when it is proposed to store them 
for later inseminations This method has been used on several 
bulls that were marketed from artificial breeding studs, bulls that 
had become crippled so that they were no longer useful in the 
regular routine of the stud >et were valuable enough as sirca 
for the additional progenj from them to be Inghly desirable 
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From thc'C collectionb as bigli a percentage of conceptions has 
been obtained as from semen collected in the regular manner 
Care and Storage of Semen. Special care ipust be exercised 
in handling semen at all times Sperm vitality can be lowered 
very easily or dcstrojed completely through the slightest care- 
lessness At no time should the semen come m contact with any 
materials or vessels except tho«c recommended m these proce- 
dures from the time of collection until it has been deposited 
within the female tract Some of the commonest spcrm-dcstroy- 
mg agents or conditions to which one might be apt to expose 
semen are (1) any trace of cleaning agent used to clean the col- 
lecting and inseminating equipment, (2) distilled or tap w.ater, 
(3) urine, (4) filtli, (o) disinfectants, (6) semen dilutcrs with 
improper ingredients or of the wrong concentration, (7) acid or 
alkaline solutions, (8) a ‘•udden tlrop in temperature, (9) ® 
sudden rise in temperature, (10) temperatures much above body 
temperature, (11) long exposure to temperatures above the opti- 
mum storage temperature of 38® to 40® F (sperm has the capac- 
ity of survival for long periods at body temperature but only 
m the genital tracts of cither the male or female) (12) freezing 
(particularly slow freezing), (13) exposure to a strong hgfit 
(except for short duration at the time of collection or insemina- 
tion), and (14) drying 

Most of the semen used for artificial jn«cmination has to be 
shipped to outlying points from where it was collected, and, m 
dairy cattle, particularly it is one to three days old, and some- 
times as much as five days old, at the time that the cows are 
in«eminated This necessitates adequate methods and care m 
preparing it for storage and shipment Three basic procedures 
to preserve the fertilizing capacity of ‘-perm for this purpose are 
(1) cooling to an optimum storage temperature of 38® to 40® F 
and holding the semen at that temperature constantly until it is 
used for insemination, (2) the addition of suitable diluters, and 
(3) packaging it m the properly refrigerated carton 
The process of cooling which is essentially the same for all 
species, must be gradual with no fiuctuations of temperature 
Immediately after collection the raw sample is put into a room 
of 72 F and allowed to come down to that temperature by 
merely exposing the entire sample m its original collecting vial 
to the air During this time it may be examined for quality It 
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can then be diluted (the temperature of the diluter when added 
must be the same as that of the semen) at this temperature and 
divided into the portions to be shipped out It is generally rec- 
ommended that the shipping vials be of such a size that they 
can be filled to the top and all air thereby removed Cooling 
from this point should be quite carefully controlled and is ac- 
complished best by placing all filled vials in a vessel of water at 
72° F with a rack to hold the vials upiight and by then placing 
the vessel in a refngcratoi at 38° to 40° F The amount of 
water should be such that the drop m temperature of the semen 
to 38° to 40° F will take at least 1 hour Not more than 2 
hours are required If, however, it is desired to cool the semen 
to 23° to 35° F (tills tenipeiatuie can be used instead of 38° to 
40° F as an optimum), the cooling fiom 38° to 40° F should 
take an additional 2 hours Instead of the large vessel of water 
to contiol the rate of cooling, eacli vial of semen may be wrapped 
with several thicknesses of paper which in turn acts as an in- 
sulator 

The mam factors that necessitate the cooling piocess are (1) 
Sperm at this tempeiature discontinue their movement and thus 
conserve the energy or ability to utilize tlie energy with which 
they were supplied when ejaculated When they are placed in 
the female tiact, where body temperature is restored, they start 
moving again, provided they have not aged too mucli or lost their 
vitality from other causes (2) At the optimum storage tempera- 
ture, bacterial growth and action are inhibited The metabolism 
of large amounts oi bacteria in semen produces materials and 
conditions to\ic to sperm if it is allowed to go too far 
Freezing of semen, particularly slow freezing that might occur 
from exposure to ordinary sub-freezing weather conditions or 
from merely placing a vial of semen m the freezing compartment 
of a refrigerator, will kill all spennitozoa immediately How- 
ever, rapid freezing accomplished by placing semen in Dry Ice 
(— 78°C), liquid hydrogen (— 183°C), or liquid nitrogen 
( — 196°C) has been shown to picserve spermatozoa for con- 
siderable lengths of time (up to 35 days for some species) This 
procedure does not Imve too muck practical application as yet, 
except m very special cases 

Many semen diluters have been developed for the various 
8pcc4es of farm animals The primary purpose* of diluters is to 
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ncreasc tlic \olumc of the ejaculate of a male «o that it may be 
i«ed to inseminate a larger number of females However, when 
omen is to be stored for over one Iiour, the ttintn ‘■hould be 
ooled and a dilutcr should bo added even though a volume in- 
crease may not be neccs'>iry The dilutcr provides a buffenng 
action which maintains a constant pH, ••incc, without the buffer, 
the metabolic procce«cs of the ‘•pennatotna will render tlic 
medium too acid, winch m turn will be toxic to sperm In addi- 
tion many dduters provide some food for the sjicrm and contain 
materials that make it possible for «pcnn to witlist ind tempera 
turc shock to some extent 

The essential properties of a goo<l dilutcr arc (1) It mu«t not 
be toxic to spermatozoa (2) The osmotic relations between the 
dilutcr and spermatozoa must be similar to those m the undiluted 
semen (3) The hydrogen ion concentration of the solution 
must be favorable for continued viability of the ‘•permatoroa 
(4) It should contain a buffering solution to protect again‘*t 
marked changes in the h>drogcn ion concentration (5) It 
should increase the Icngtli of time that semen can l>c stored with- 
out loss of fertility (6) It «houl<l prevent mjur> from cold 
shock (7) It should be inexpensive and easy to prepare 
Modifications of the bull «cmcn dilutcrs developed by Lard> 
and Phillips (1939) and by Willett and Salisbur> (1942) are m 
wide u«e toda> The first one is an egg jolk pho'^phatc dilutcr 
prepared by adding one part by volume of stnctly fresh egg >olk 
(membrane removed) to three parts by volume of a pho«phate 
buffer prepared as follows to 100 cubic centimeters of sterile 
glass distilled water add 0 2 gram IvH P 04 (C P grade) and 
2 0 grams KajHPO* I 2 H 2 O (C P grade) The second one is 
an egg yolk citrate dilutcr prepared by adding one part (by vol 
ume) of fresh egg yolk (membrane removed) to three parts (by 
volume) of a sodium citrate solution prepared as follows to 100 
^bio centimeters of stenle glass distilled water add 2 9 grams 
^asCeHsOT 2 II 2 O (CP grade) The original formulae called 
for equal volumes of egg yolk and phosphate buffer or sodium 
citrate solution but it has been found that 25 per cent egg yolk 
(by volume) is sufficient for all practical purposes Equally 
good results have been obtained with eitlicr dilutcr The citrate 
diluter has the advantage over the phosphate dilutcr that its use 
makes for ea«ier micro copjc examination The egg >olk and 
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3 hospliate buffer when mixed produce a more cloudy appearance 
Jirough winch it is difficult to view the sperm 
Antibiotics in bull semen diluters have proved quite beneficial 
for certain bulls with low fertility records due to the fact that 
high bacterial contamination of the semen had occurred Bac- 
teria may come from the reproductive organs of the male, the 
artificial vagina used for collection, or the sui rounding air 
However, the bacterial count in semen from healthy bulls can 
be kept very low by sanitary measures, such as clean quarters 
for collection, regular grooming, and sterile appamtus for collect- 
ing In spite of these measures, bacterial contamination is not 
completely avoidable with considerable differences bet\s een bulls 
If harmful organisms are suspected, a complete bacteriological 
analysis should be made If they are found, a clinical exami- 
nation of the bull should be conducted to locate the souice of 
infection, the bull being lemovcd from regular collection schedule 
until he becomes free of the disease 
Satisfactory antibiotics and the amounts to be used are as 
follows 

Sulfanilamide, 300 milligrams to 100 cubic centimeters of semen dilutcr 
Streptomycin, 100,000 units to 100 cubic centimeters of semen diluter 
Penicillin, 100,000 units to 100 cubic centimeters of semen diluter 

Any antibiotic may be used alone, but so far streptomycin and 
penicillin together in the amounts indicated have given the best 
results The three drugs used in the above concentrations have no 
harmful effects on spermatozoa 

Bull semen can be diluted from one part semen to four parts 
diluter up to one part semen to 100 parts diluter, depending on 
how extensively it is to be used, the sperm concentration of the 
raw semen, and the quality of spermatozoa Dilution rates 
above 1 400 have been used but with declining fertility even 
with excellent semen Under the best conditions Salisbury and 
Bratton (1948) found that optimum fertility required between 
5 and 10 million spenn as a minimum number per insemination 
Some bulls may require consistently low dilutions of 1 4 There 
IS too much variation between samples from the same bull and 
between samples from different bulls to safely operate an arti- 
ficial breeding unit where all semen is diluted consistently at 
even as high a level as 1.100. It is much more economical to 
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add an extra two or three bulls to a stud for additional semen 
than to take chances on reduced fertility m the field 
A suitable ram semen dilutcr dc\ eloped from experiments at 
the Unuersity of Minncaota can be prepared as follows* to 1 liter 
of sterile glass-di-^tillcd water add 15 4 grams Na.lIPO* I 2 H 2 O 
(CP grade), 3 2 grams KIIsPO* (CP grade), and saturate 
with CaS 04 (CP grade) Another suitable ram semen dilutcr 
used by the workers of the U S Sheep Breeding Experiment 
Station of Dubois, Idaho, was the «ame egg yolk-pho»phatc di- 
luter u«cd for bull semen Ram semen is generally diluted at 
the rate of one part semen to three or four parts dilutcr 

For stallion and jack semen the Missouri Agricultural Experi- 
ment Station recommends the u«e of the egg yolk-phosphate di- 
lutcr given for bull semen except that, to the 100 cubic centi- 
meters of sterile gla‘‘S distilled water, 10 grams of dextrose or 
glucose (C P ) are added One part of stallion or jack semen is 
diluted with one to three parts of this gluco'c-cgg jolk-phos- 
phate solution The dilution is made immediately after collec- 
tion and before refrigeration 

Berliner (1945) found the following a very satisfactory dilutcr 
for stallion and jack semen to 100 cubic centimeters stenle 
glass-distilled water add 5 70 gram-* gluco«e (CP, anIi>drous)> 
0 67 gram KNaC*G 40 c (CP grade), fre-h yolks from two egga, 
and 1 8 grams gelatin (one half-ounce gelatin capaule) Dilu- 
tion IS made at the rate of one part of semen to one to ten parts 
of diluter With this diluter, a gel-like mass is formed upon 
cooling, owing to the presence of gclatm, and the sperm is held 
in a more stable state during storage and shipment When 
warmed up to room temperature the ma'js returns to a liquid 
state 

Boar semen is generally not diluted since large volumes of 
raw semen are required per m«emination and it must be used 
very shortly after collection However, work at Wisconsin 
(Wiggms et al , 1951) did show that small quantities of boar 
semen can be used with some degree of success 

Bonnier and Truls«on (1939) found that cock semen can be 
diluted without lowering fertility, provided it is used within an 
hour of collection In their studies 1 cubic centimeter of semen 
was diluted with 9 cubic centimeters of modified Ringer’s solu- 
tion The modified Ringer’s solution was made as follows to 
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10,000 cubic centimeters sterile glass-distilled water add 68 grams 
NaCl (C P grade) , 17 33 grams KCl (C P. grade) , 6 43 grams 
CaCl (C P grade) , 2 50 grams MgS 04 (C P grade) , 24 50 grams 
NaHCOa (CP grade). 

Bull semen of good quality and properly handled can retain 
most of its fertilizing capacity when stored up to five days 
However, it is not kept longer than three days m the operation 
of most dairy cattle artificial units Most of the semen is used 
when 24 to 48 hours old, since most of the technicians in the field 
receive new shipments of semen from the central bull stud every 
day or every other day, the semen having been collected the day 
before Not all semen from every bull can be stored more than 
three days Longer time limits than these have been reported 
for special cases, but they are the exception rather than the rule 
in the practical application of artificial insemination 
Ram semen of good quality can be stored for two weeks 
Again, longer periods have been noted, but very few insemina- 
tions have been made with tliat held for oven two weeks Stal- 
lion and jack semen stored for 24 to 48 hours has been used suc- 
cessfully for breeding Boar semen generally cannot be stored 
longer than three to four hours and is therefore generally used 
immediately after collection For maximum efficiency m arti- 
ficial breeding it is generally a safe policy to use the semen 
from all species in as fresh a state as possible within the limits 
given above. 

If females are to be inseminated immediately after semen col- 
lection, no dilution or cooling of the semen should take place It 
IS important, too, that the temperature of the semen in these 
cases should not drop below that of ordinary room temperature 
(72“ F ) 

A method of shipping bull semen used by one of the Minne- 
sota artificial breeding centers has proved quite satisfactory 
The shipping package and accessories are shown in Fig 87 
First, a tnplc-dipped rubber balloon is filled with water and 
placed in a freezer until solid It is then removed, and a thin 
layer of ice inch) is olloncd to melt around the out«ide to 
fonn a soft cushion Tlic semen, having been diluted and placed 
in properly labeled glass or plastic vials (8 to 10 cubic centi- 
meter capacity) is cooled m the refrigerator to the optimum 
storage temperature The Mals of semen are tiicn placed next 
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to the rubber balloon and held tight by a strong rubber band 
The balloon and Mala of <^emtn are next wrapped in hca^'y in- 
sulating paper sheet® and placed in a cardboard bo^ coinpo ed 
of three thickne® c» of corrugated cardboard Two extra pieces 
of cardboard arc placed o\er the top, tlic flaps do td, ind the 



Fig 87 aimple t>pe refrigerator carton for 1 ffa*? -pmcii (o) Tnp e* 
lajerecl cardboard carton (t>) imoilalion lect for wrapping semen (c) 
rubber balloon filled with ice and semen \ial« attached (d) rubber balloon 
empt> (e) package a»«mbled and read% for shipment 

entire carton «ealed The package is properly addressed, it is 
important that the following mfonnation be included on the out- 
side Bull Semen Keep m cool place but a\oid freezing ’ It 
IS now ready for shipment by any common carrier 

This type of shipping package proMdes ideal refrigeration 
while m tran it up to about 36 hours, In any e\ent, as long as 
any ice remams within the balloon and the carton hao been kept 
sealed the chances are good that an optimum storage tempera- 
ture has been mamtamed The ^eate®t advantage of using a 
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rubber balloon filled with ice as a refrigerant is that as the ice 
melts a soft cushion is provided for the vials of semen, thus pre- 
venting breakage due to handling en route The entire package 
IS quite inexpensive 

Semen can also be shipped in a filled vial placed in a regular 
Thermos jug partly filled with cracked ice A satisfactory ar- 
rangement IS to place tlie vial of semen inside another larger 
glass tube, a heavy rubber ring between the two at the neck, and 
another rubber ring between the outer tube and the neck of the 
Thermos jug The rubber rings fit the glass tubes into the 
Thermos snugly and tend to prevent breakage (Fig 85) 

As soon as a shipment of semen has reached its destination, 
the package should be opened and the vials of semen placed m a 
refrigerator operating at 38® to 40® F If all the ice has melted, 
the advisability of using the semen may be doubtful unless check- 
ing it for motility proves otherwise 
Semen Evaluation The best single appraisal of the semen 
from a male is the conception rate obtained when it is used on a 
large number of females, however, some seriously low conception 
rates might bo avoided if the*senicn is properly appraised before 
use A number of laboratory methods for evaluating semen 
quality have been discussed separately and collectively in the 
preceding chapter Under routine operations of artificial insemi- 
nation in the field there is ordinarily only enough time to run a 
few of the most “rapid tests that do not require elaborate equip- 
ment or spcci.ihzcd skill In any event, any semen used for 
artificial in‘>eniination should be checked by some fairly satis- 
factory technic 

Recent work indicates that the best single method of evaluat- 
ing bull and ram tcmcn is by the Rothsclnld spcnnoinctcr to 
dcterimnc the rate of inipcdanco changoa (Cummings and 
Winters, 1953) Althougli this method measures the degree of 
motility m concentrated semen, it is more objective than micro- 
scopic examinations and eliminates the liuman error involved 
It can be u^ed as rapidly as micro-copic examinations in the 
routine procedures of ‘•emcn collection at tlic large artificial 
breeding centers This inctliod hn» been tlcacnbed and discufc'cd 
m the* preeethng ch iptcr 

In the pa-t niicro-copic examination for motility lias prov ided 
the best -uiglt appru-d of ^emen before the semen is 
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used Good motility is indicated m dtn&c semen, such as that 
from the bull or ram, by a vigorous swirling action as seen with- 
out a microscope and when the entire freshly collected sample is 
examined by holding the Mai up again‘*t i strong light This 
action is due to large masses of vpcnii itozoa moMiig in irregular 
currents Howucr motility appraisal should not be confined to 
this technic alone A sm ill i>ortton of the fre'-h sample sliouIU 
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be diluted with a large amount of 0 9 per cent NaCl solution or 
the clear citrate solution a drop placed on a micro'-cope slide 
covered with a small cover slip and examined micro«copically 
at lOOX to 400X magnification The dilution of the examined 
portion should be great enough so that indi\idual spermatozoa 
can be studied Naturally the better samples will sliow a higher 
proportion of sperm moving in a straight line at a rapid rate 
and with little wasted motion At the same time the relative 
proportion of motile to immotile sperm can be estimated All too 
often erroneous appraisals are made of «perra motility by having 
too concentrated a sample on the slide In these cases one has 
a tendency to overrate sperm motility All samples show ing no 
motility no progressive motihty or a low percentage of progres 
sivcly motile sperm should be discarded 
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Semen samples that have been stored or shipped to outlying 
points should be checked for motility before they are used, re- 
gardless of the length of time that they have been stored. It is 
often found that some samples will not stand up under storage 
even for short periods. An adequate microscope should be stand- 
ard equipment in every breeding association stud and in each 
technician’s laboratory. In checking semen for motility after it 
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has been cooled and before it is to be used, only a small portion 
should be removed from each vial and warmed to room tempera- 
ture for examination purposes. The rest of the contents must be 
kept at tlic storage temperature. Technicians should always 
check the motility of semen samples held for longer periods of 
time than is usual. 

Sperm concentratums of all samples can bo adequately evalu- 
ated for all practical purposes in the routine operations of an 
artificial insemination center by the mere macroacopic examina- 
tion of tlioao samples in a frc&li state or by microscopic c.xami- 
nation of a small portion diluted to a conatant ratio. Anyone 
with c.\perience in liandling semen uill liccomc sufficiently pro- 
ficient in judging the sperm concentrations. Of practical impor- 
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tance in routine breeding ojicrations w ^ounil judgment of the 
rate of dilution that might l>c applied for each particular bamplc, 
particularly in avoiding high dilution rates, for samples ^\lth 
relatively lower concentrations It mu^-t still he remembered, 
however, that semen clnractenstics other than concentration 
must also be taken into consnkration when rates of dilution arc 
being detenmned 

Routine checking of sperm concentrations is done by counting 
diluted epcrin witli the aid of a hemocytometer counting cham- 
ber, by comparisons with stindard banum ‘‘Ulphatc suspensions, 
and by the use of a photoelectric coloniueler The simple clini- 
cal type of photoelectric colorimeter which cm be purcln'-ed 
from most scientific apjiaratus supply companies provides the 
fastest and most accurate method of ilctcnmmng conccntntions 
Standard curves can be cilculatc<l for the®© instruments A 
small portion of fresh semen is dilutcil with a clear sodium citrate 
solution at a high enough rate const int for all samples to form 
a very thin suspension A dilution rate of 0 08 cubic centimeter 
of semen to 15 cubic centimeters of the citrate solution has been 
used satisfactorily for bull and ram semen This mixture is 
placed in a special vial (cuvette) in the chamber of the instru- 
ment, and the amount of light tranMiiittcd through the suspen- 
sion is then measured m contrast to the amount transmitted 
through the solution with no semen — the more light transmitted, 
the weaker is the suspension and consequently the lower is the 
sperm concentration in the onginal sample The clinical type of 
photoelectric colorimeter can be operated with a storage battery 
or from a regular 110 volt a-c line It is relatively inexpensive 
and, when used regularly on most of the semen collected, more 
than pays for itself in saving time for this operation 

One semen test that can be used easily and at regular intervals 
in the stud of an artificial breeding association is to check the 
livability of semen samples after storage at temperatures of 
38“ to 40“ F or at 46“ to 47 5“ C The former needs no addi- 
tional equipment and is accomplished by taking motility ratings 
at 2-day intervals on a portion of the diluted semen from each 
sire used The length of time tliat the sperm remain motile is a 
goo indication of its viability and also is a means of checking 
the storage ability of semen Incubation at the higher tempera- 
ure (46 to 47 5“ C ) will require a special incubator or water 
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bath operated at that tempeiature However, tlie incubation 
time required is only 30 minutes to an hour, and the motility 
after that period as compared to the motility prior to incubation 
gives a good index of the livability of spermatozoa under storage 
Live and dead counts and abnormal counts made from stained 
semen smears arc also useful loutine checks on males maintained 
for artificial insemination 

Color and odoi of semen should be checked after each collec- 
tion A tinge of red or brown color in the semen sample is due 
to the presence of blood, winch indicates an injury or possible 
infection m the reproductive tract of the male In such cases 
he should be checked thoroughly as to the cause, and in all cases 
such semen should be discarded Odors, due to putiefaction will 
develop in semen when allowed to stand too long at warm tem- 
peratures or even held at storage temperatures for too long a 
time If strong putrid odors are apparent, the chances are good 
that the sperm have deteriorated beyond their useful stage 
Other semen tests and their relative values have been discussed 
in the preceding cliapter as well as tlie ones mentioned here again 
They are good tests but too time consuming or require too elab- 
orate equipment to be used routinely in the practice of artificial 
insemination How ever, some should be applied at regular inter- 
vals of perhaps once a month or once every two months on sires 
m regular serMce, as checks to avoid use of these sires in case 
of a slump m semen production, which may be temporary or per- 
manent Reseaich work, under way at the present time seems 
to indicate that relative fertility of a male can be predicted 
from the results of a senes of semen tests The work also points 
strongly to the possibility of having semen shipped to a central 
laboratory where it can be tested with more elaborate apparatus 
than IS feasible to provide at each stud When this is done it 
will bo possible for artificial bleeding centers to have their sires 
tested regularly and also, by merely sending semen samples to a 
centra! laboratory, have new sires checked before adding them 
to the stud 

Insemination Much of the success of artificial insemination 
depends upon breeding the female at the optimum time during 
her oestrus period In order to insure maximum opportunity for 
conception to take place, a fresh supply of a large number of 
viable spennatozoi should be available m the upper limits of 
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the Fallopian tubes of the female at the time ovulation takes 
place The exact minimum number required vanes with «pccic3, 
with matings and particularly with «emcn ‘samples u«cd, whether 
by natural or artificial service In any event there is a definite 
safety in large number'- Wisting «cmcn should ilways be 
avoided and it is preferable to divide the semen into portions 
close to the number of ‘■crviccs anticipated by regulating the 
dilution rate rather than by increasing the volume inecniinated, 
provided of cour c, the dilution rate has been kept within the 
limits given above 

The optimum time during the oestrus period for artificial in- 
semination and the amount of ccincn recommended per dosc for 
various classes of fanii animals arc given in Table LIII 


Table LIII Optimum Time of Insemination in IIeuvtion to 

OesTOUS A.ND ReCOMMENOLO DOaCS OP feEMEN TO BB UbED 


Animal 

Optimum Time to Breed 

\ olumeof Diluted 
or Undiluted 
Semen per Artificial 

during Oestrus 

Insemination 

Cow 

6-24 hours after onset 

1 1 5 cc 

Ewe 

Dunng last half of oestrus or if feasible 
at 12-hour inten als as long as m oestrus 

0 1-0 2 cc 

Sow 

During second day of oestnis an 1 again 
on third day if sow continues in oestrus 
that long 

50-100 cc 

Mare 

Repeated inseminations on tliitd day of 
oestrus and again every other day as 
long as mare sta>s in oestrus 

10 20 cc dunng 
regular oestrus 
20-40 cc dunng 
foal oestrus 


Two good methods of inseminating cows artificially are (1) 
the speculum method and (2) the rectal method The equipment 
for both methods is shown in Fig 8o In preparing the cow in 
either ca«e her external genitalia should be cleaned and dried 
A light swabbing with alcohol as a means of disinfection is also 
sometimes desirable 

In the first method a glass speculum (a simple glass tube 1^ 
inches in diameter and 12 to 14 inches long the gla «3 edges at 
each end having been rounded in a flame) is lubricated with 
mineral oil Vaseline or glycenne gum tragacanth jelly and then 
in'-erted into the vagina With the aid of a head lamp or small 
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fountam-pen-type flashlight (Fig 92) the cervix is located, the 
opening of the speculum having been placed right around the 




Fig 91 Illustration of use of speculum m cow and position of mstnimenta 
at the time of discharge of the semen (a) Wall of vagina cut away, {b) 
speculum, (c) inseminating pipette contammg semen placed m cervix, (d) 
cervix 

cervix (Figs 90 and 91) The semen is deposited by first draw- 
ing 1 to V/2 cubic centimeters of the simple to be used into a 
clean inseminating pipette, in‘5erting the pipette through the 
channel formed by the speculum witli tlie end entering the cervi- 
cal canal, and then applying pressure to the semen, forcing it 
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into the cervical canal or near the mouth of the cervix in case 
the latter is too tight (Fig 91) Inseminating pipettes can be 
either glass or plastic The latter have been used quite exten- 
sively m recent years and can be made cheaply enough so that 
each can be discarded aftei using it once, thereby eliminating 



I IG 92 The speculum m place the cervix located by means of the head 
light and semen being placed in the mouth of the cervix (From Herman 
and Madden ) 


the tedious job of Mashing and stcnhxmg before using tlie pipette 
again The piptUe whether gla‘>s or pla'^tic, ‘•hould be about 
14 to 16 inches long inch m out«idc diameter, with a 
bore, and tapered at the tnd to be in'-ertcd into the ccr\ix 
Either a large rubber bulb or a 2 cubic-centiinctcr glass sj nnge 
(with an adapter and «hort piece of connecting rubber tubing) 
is attached to one end in order to draw the semen mlo the pipette 
and to expel the eeincn into the cervix Or an even better ar- 
rangement IS to u-e a «inall rubber bulb of only 1 to V/2 cubic 
centimeters capacity This allows the operator to draw only 
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the correct dose of semen into the pipette with total expression 
and release of the bulb and to deliver the semen into the cervix 
without expulsion of air Figure 85 shows these pipettes assem- 
bled in \ arious ways 

It is absolutely essential that a separate, clean, sterile set of 
instruments be used on each female inseminated, regardless of 
species or method of insemination After the operation the plas- 
tic pipette is discaided, and all glassware is placed m a separate 
container marked “Dirty Equipment” These pieces are then 
returned to the laboratory, washed, and stciilized before being 
used again 

Caution should be observed m depositing the semen, m the 
cervix, regardless of method It has been found from experi- 
ence that females (particularly cons and ewes) vary consider- 
ably in the degree of relaxation of the cervix during the oestrus 
period With some, this oigan is sufficiently loose so that the 
pipette can easily penetrate the opening and the semen can be 
deposited inside the canal and occasionally m the uterus The 
latter cases are quite rare On the other hand, the cervix may 
be so tight that penetration with the pipette is difficult If that 
situation IS found, the semen should be left m the lips of the 
cervix at the vaginal opening If the pipette is forced through 
a tiglit cervix, a gioat deal of damage due to trauma or infection 
may result In addition, it has been found that, if the cow hap- 
pened to be already pregnant and if the cervix is opened, abor- 
tion will take place In general, it might be said “Take it easy, 
and do not force anything*” 

Artificial insemination of a cow by the rectal method is shown 
m Fig 93 By this method the technician first places a rubber 
sleeve over one arm and a light surgeon’s rubber glove over the 
hand up to the sleeve Some sleeves have the glove at- 
tached He then lubiicates tins arm and hand well, inserts it 
into the cow’s rectum, and cleans out the feces present With 
Ills hand m the rectum he grasps the cer\ix and with his other 
hand inserts a clean pipette filled with semen into the vagina, 
guiding it along to the mouth of the cervix The open end of 
the pipette la inserted into the cervical canal, and the semen is 
deposited there Most technicians feel they are better able to 
direct tlie pipette into the cervix b> this method since they arc 
able to massage the organ with the hand m the rectum, thus 
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making it more pliable Hoi\e\cr, the tendency is to force the 
end of the pipette directly into the uterus more often than should 
be done 

The speculum and rectal methods have given equal results in 
the field Both have advantages and disadvantages, some tech- 
nicians are able to u^e one method better than the other one 



Fig 93 The band la placed m the rettum and grasping the ccfmx Cathe- 
ter containing 1 to 1*^ miHilitcr‘< of «enien being introduced into %agina and 
hence through cervix for semen depositions (trom Herman and Madden ) 


Marcs arc generally bred artificiall> with the U'e of a gelatin 
capsule The procedure is as follows (1) Mrap the marc’s tail 
vtith a piece of gauze or touchng (2) Wa=h her vulva with 
clear water and di>infcct the external genitalia with alcohol 
(3) The mscminator then tva«hcs liis hands thoroughly with «oap 
and water after his finger naib have been trimmed closely (-t) 
He then rinses his hands and arms «cvcral times in clean water 
and dries them (5) His hands and amis arc now disinfected 
with alcohol (C) He fills a %-ounce gelatin cap^ule with semen 
and lubricates liis ami with a sttnle lubricant (7) lie inserts 
his hand (holding the filled capaule) into the mare’s vagina and 
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places the capsule through the cer\ix into the uterus The cervix 
nearly always dilates sufficiently for tins operation in the mare 
during her oestrus period The sanitary precautions are espe- 
cially important since the mare is highly susceptible to infectious 
diseases of the uterus 

To breed sows artificially a 50-cubic-ccntimeter syringe with a 
glass barrel is attached to an 18-inch rubber pressure tubing 
(inside diameter, %g inch, outside diameter, %o mch) that is 
tapered at the open end The syringe and tube are filled with 
semen, and the tube is then worked through the sow’s vagina so 
that the open end enters the cervix The semen is now expelled 
through the cervix and into the uterus 

Ewes are bred artificially by the speculum method The ewe 
IS first fastened securely in a breeding crate, which is a crate with 
stanchions at the head end and sides, set 10 inches apart, one 
of which swings on hinges and is to be used to squeeze the ewe 
over against the other side tightly A clean speculum (simple 
glass tube 1 inch in diameter and 8 inches long with the edges of 
the open ends fire polished) is lubricated and inserted into the 
ewe’s vagina to expose the cervix m the same manner as that 
used on the cow Again with the aid of a head lamp, semen is 
deposited in the mouth of the cervix with a 1-cubic-centimeter 
graduated pipette attached to a rubber bulb This pipette may 
be bent at a 60° angle 3 inches from the blunt end It is even 
more difficult to penetrate the cervical canal in the ewe than 
the cow Generally the semen must be left m the lips of the 
cervix 

In inseminating females with stored semen it is possible to 
warm the semen rapidly without mjury to the sperm Most 
technicians draw the cold semen from a vial that is carried m a 
portable cold-temperature chamber (Fig 85) and insert it di- 
rectly into the female tract This sudden increase in tempera- 
ture does not do it any good but certainly is not as harmful as a 
sudden drop m temperature The mam thing to watch in regard 
to temperature of the semen at the time of insemination is that 
it docs not fluctuate 

A satisfactorj equipment case for field technicians is shown 
m Fig 85 It has racks for all the necessary inseminating equip- 
ment for cattle and a portable refrigerator to carry the semen 
cn route at the regular storage temperature The latter is a 
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heavily insulated water tight box with chambers for semen vials 
The large cliamber is filled with cntkctl ice, and the tubes of 
semen taken from a storage refrigerator or shipping carton arc 
placed in the small chamliers) A Tliennos jug partly filled with 
ice may also be used to carrj the semen in the field 
Sanitary Precautions Exacting sanitary precautions must be 
taken or artificial in cimnation ma> prove more of a liability 
than an asset The males should be exammed by a competent 
vetennanan at regular intervals and pronounced free from dis- 
ease The operator must keep liim«clf and his clothes clean at 
all times He must never relax anj sanitary precaution at any 
tune The following suggestions arc recommended 

1 Glass instruments should be u-^cd vvherever possible 

2 Two instrument ca«cs «hou!d be carried by the in«eminator, 
one for clean equipment and one for dirty equipment 

3 Clean instruments must be used for each animal 

4 Glassw are should be w ashed as follow & 

(a) Rinse with cold then hot water 

(b) Place in cleaning solution for at least 10 hours (Tins 
will both clean and sterilize The solution is made by 
saturating tap water with potassium bichromate and 
slowly adding an equal volume of concentrated com- 
mercial sulphunc acid The solution should be dis- 
carded when it becomes greenish in color Aletal in- 
struments will not withstand the action of this solution, 
and for that reason the author prefers glass ) 

(c) Place instruments in running water for at least 1 hour 
id) Rinse instruments in a 1 per cent «!olution of sodium 
bicarbonate 

(e) Rinse with distilled water 
(/) Place in an oven to dry 

(g) Wrap mstniments in paper or clean towels until used 

5 Rubber matenals should be scrubbed w ith a paste of sodium 
bicarbonate and water as previously described and dried well 
between periods of use 

6 Rubber goods should be dismfcctcd by dipping in chlorine 
vsater, 70 per cent ethyl alcohol or boiling water immediately 
after washing, the chlorine solution must be washed from the 
rubber before it is set aside to dry 
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7. I^Imerdl oil and Vaseline aie quite detrimental to rubber 
and aie almost impossible to icmovc entirely at the time of 
washing Cdycermc-gum tiagacanth jelly is recommended in- 
stead, foi it IS highly soluble in water and allows increased oppor- 
tunity for keeping the equipment in a clean condition 

The new detergents have been used extensively in place of the 
cleaning solution recommended above They do not, however, 
clean the glassware as thoroughly but are less time consuming 
If they are used it is cautioned that the cleaning solution be 
kept on hand and used on instruments that are not cleaned 
thoroughly with the detergents In addition, the detergents do 
not have as high disinfecting qualities as the cleaning solution, 
so that when they are used the glassware must be disinfected by 
heating m an oven 350® to 400® F for an liour or they may be 
placed in a steam autoclave at 15 to 20 pounds pressure for 15 
to 20 minutes At no tunc should instruments be used that show 
cloudiness or dried residues on surfaces that will come m contact 
with semen 

Sire Management. Sires used for artificial insemination 
should be given the best of care The young bull needs to be 
fitted for a long, fertile life Tiic proved sue often is on the 
decline m degiee of fertility and physical Mgor, hence his useful 
life needs to be extended as long as possible As a rule a bull will 
be used more regulaily when owned by an insemination associa- 
tion than when used for natural service 

Sires should be treated as individuals rather than as groups 
because of the laige amount of vanation between sires m tlieir 
response to care and feed In general, roughages should not be 
fed to the point of causing paunchiness The ration should be 
adequate not only m amount of nutrients and balance between 
protein and carbohydrates but also in the supply of minerals and 
Mtamins The sire should not be allowed to become fat, and he 
sliould be exercised regularly Cach sire sliould be examined reg- 
ularly by a qualified veterinarian for the presence of diseases 
such as tuberculosis and brucellosis 
Branton et al (1947) recommend daily feeding of 1 pound of 
good-quality hay (mixed hay conUmmg 10 per cent legumes) 
plus 0 4 to 0 5 pound of concentrate mixture per 100 pounds live 
weight to dairy bulls used for artificial insemination The con- 
centrate mixture should be made up of common feed stuffs suit- 
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able for dairy cattle and fchould ha\c 12 per cent protein Ap- 
parently no special protein need be addc<l for semen production 
The amount of exerci'C for bulls m an artificial breeding stud 
seems to be a much disputed point For the long-time program, 
however, each bull should be forced to exercise at least 15 min- 
utes each day in order to maintam hiin'^elf in a sound condition, 
even though it has been experienced m some places that a tem- 
porary di‘>continu ince of 
exercise had no immediate 
effect 

Scheduling collections 
from bulls in studs can be 
varied with each individ- 
ual, depending upon his 
own capacitj On the 
average most studs find 
that maximum semen pro- 
duction can be accom- 
plished b> collecting once 
every five to seven days 
from the same bull Tlierc are ‘-omc that have to be extended to 
once every two weeks 

Artificial Insemination m Fowl The methods developed for 
collecting semen from the cock arc quite similar to those used 
for larger animals, they consist of (1) placing a dish between 
the cock and the hen (2) using an artificial vagina, (3) mating 
a hen and drawing the «eracn from the cloaca by means of a 
pipette or «poon or (4) stimulating ejaculation by manipulation 
of the male The last-mentioned first described by Burrows and 
Qumn (1935 and 1937) is most widely used 

The bird may be held in a epeciallj constructed holder or it 
may be held m the operators lap For a nght-handed operator, 
the cocks legs are placed between the operator’s left arm The 
thumb and last two fingers of the right hand arc placed on the 
sides of the abdomen as '^hown m Fig 95 Ejaculatory responses 
are induced by rapid massage of the abdomen between the giz- 
zard and the pelvic bones The thumb and fingers of the left 
hand are <io placed (Fig 95) that the semen may be “milked ’ 
at the time of excretion The semen is caught in a small funnel 
which either has a solid glass stem or has the stem filled with 
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paraffin The upper portion of the funnel should also be coated 
with paraffin to insure the gieatest recovery of semen The fun- 
nel IS held in the right hand 

Contamination of the ejaculate may be prevented or lessened 
by withholding food and water from the bird for 12 hours prior 
to securing the sample and by placing a small amount of absorb- 
ent cotton m the anterioi portion of the cloaca before collection 
As with the bull the animal works better after he has been 
trained 



Fiq 95 Portion of hands and Fio 98 Position of syringe placed 
seminal discharge during col m icproductivc opening prior to 

lection from tl e cock (From insemination of the hen (From 

Green and Wmters) Gieen and Winters) 

The amount of semen secured from the cock ranges up to 2 
cubic centimeters, but the average amount per day is about 0 2 
fo 2 0 cubic centimeters Pigeons and doves average from 0 01 
to 0 02 cubic centimeter per collection and turkeys 0 3 to 0 4 
cubic centimeter About 0 05 to 0 1 cubic centimeter of semen is 
needed per insemination 

The aemcn is dra^vn into i pipette or medicine dropper, the 
hen's cloaca is everted and the opening of the reproductive tract 
into the cloaca is located The pipette is inserted about one or 
two Indies into the reproductive tract (Fig 96), and tlie cloaca 
IS allowed to return to a nearly normal position before the semen 
IS deposited Fowl semen may or may not be diluted with saline 
solution and stored at 33® to 35® F , but it is best to use tlie 
semen as soon as possible after rccovtrj For best results the 
hen «hould be mscminitcd twice a week, although satisfactory 
results maj be secured by wcekij mseminations Sanitary pre- 
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cautions similar to the ones noted in connection uith lar^^er am-' 
mals should be ob«er\cd 

Records If artificial in^unination is to be u^cd ino-t suc- 
cessfully and usefully, careful records must be maintained It 
should always be kept m mmd that the forcino t re i on for using 
artificial insemination is that it is a tool for animal improvement 

Efficiency of Artificial Insemination If proper technics 
are used artificial in cmination is ju-t as efficient as and in some 
cases more efficient as a method of settling females than nat- 
ural breeding Some dairy cattle a''«ociations breeding several 
thousand cows m a >cir have reported efficiencies ‘•lightly over 
70 per cent for tlic entiie year (efficjcncics ba«cd on the 60 to 90 
day non returns) The over all efficiency mav be higher than 
that for natural breeding because «o few reliable records arc 
available for natural breeding 
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Building Superior Germ Plasm 

The ultimate objective m constructive animal breeding is the 
building of superior germ plasm An objective m this chapter 
is the bringing together of fundamentals presented in previous 
chapters and the discussion of their applications to improvement 
by breeding 

The individual’s heredity arises from the genes inherited from 
its two parents The breeder cannot make new genes, he must 
work with the genes already in existence or those that may arise 
by chance mutation Neither can the breeder merely mass germ 
plasm, the zygote has the diploid number of genes and the germ 
cell has the haploid number, hence as new genes are added old 
ones are eliminated If the genes added are superior to those 
replaced the results will be constructive, but, if the choice of 
genes is left to chance, the results will be those of chance Since 
the individual can possess only the diploid number of genes and 
since the breeder cannot make new genes, the constructive breed- 
er’s job becomes one of sorting the more desirable genes from the 
less desirable and of putting the more desirable ones m better 
working combinations 

In some instances the climmation of lethals appears to be of 
major importance in constructive animal breeding, but in the 
author’s experience the elimination of lethals has been of minor 
importance in comparison with tlie separation of the more de- 
sirable genes from the less desirable and with putting those sa\ed 
m better working combinations There can be little doubt that 
the cmpliasis to bo gixen different phases of the application of 
genetics will vary with the genetic material on hand Here the 
art of animal breeding becomes of importance The breeder who 
can adjust his tactics to meet the problem at hand will be more 
3C1 
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successful than the breeder who is equipped merely with the 
science or the art of breeding 

The first step for a constructive breeder is to gather as much 
information as possible about the stock to be improved He is 
then in a better position to decide in what respects the stock is to 
be impro\cd Before that question can be answered satisfactorily 
the breeder needs to know the strong and weak points of the 
strain with which he is working For this reason detailed rec- 
ords of the points considered most important in the stock must 
be gathered carefully The records are useful as a guide to im- 
proved selection because they bring out the strong and weak 
points m the breed or strain concerned A breeder may get lost 
in a maze of records if too many records are gathered It is far 
better to concentrate on a few of the most essential records and 
to gather them as accurately as possible The only reason for 
raising commercial livestock is for production, hence the records 
of performance are of practical importance 
The fundamentals of record keeping are essentially the same 
for all classes of livestock, but the details naturally vary 
In the preparation of this chapter the author has drawn heav- 
ily on his own experimental results In the first place, he wishes 
to give the student the philosophy of animal improvement that 
he has gamed from his experiments, and in the second place, he 
is naturally much better acquainted with his own work than with 
others’ results 

Artificial Insemination Artificial insemination is having a 
marked influence on dairy cattle breeding On the one hand, it 
enables commercial dairymen to utilize more fully the ad\antages 
of better sires than was possible Uirough individual ownership 
of bulls This is constructive An increased potential produc- 
tion per dairy cow will result On the other hand, artificial in- 
semination has already markedly reduced the demand for dairy 
bulls This has the effect of reducing the advantages of raising 
purebred dairy cattle in the hope of selling better bulls at sub- 
stantial prices Coupled with this mo%cment is the interest on 
the part of commercial producers in crossbreeding The experi- 
ments conducted by the Bureau of Dairy Industry ha^e clearly 
demonstrated that there is an advantage in cro'sbrccdmg dairy 
cattle for productive purposes As time goco on it is inevitable 
that the commercial producers will turn to cros'-breeding as a 
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means of producing replacement heifers Crossbreeding does not 
reduce the number of sires required It does, however, reduce 
the number of purebred animals produced !Many breeders are 
maintaining their purebred herds because they believe that breed 
purity IS an indication of superiority and because they hope for 
sales of purebred bulls and heifers as a means of supplementing 
their dairy income It appears that the long-time effect of cross- 
breeding, coupled with artificial insemination, will reduce mate- 
rially the number of registered dairy animals 

Theie is no sound reason why the dairy industry or any other 
phase of the livestock industry should support more purebred 
herds than are required for sound commercial production On 
the other hand, commercial livestock pioduction has always been 
and always will be dependent on an adequate supply of superior 
breeding stock, the germ plasm of which can be kept flowing into 
the commercial industry 

To date the livestock industry of tins country has been de- 
pendent upon the standard breeds as the nucleus for genetic 
improvement The large number within the various breeds, in 
itself, has allowed for considerable selection so that commercial 
producers have so far had the option of securing reasonably 
satisfactory sire replacements at quite reasonable prices If, 
however, tlie future trend of the industry is such as to make the 
production of this basic seedstock unprofitable, in the end the 
commercial industry will suffer For this reason it is highly im- 
portant that tlie dairy industry begin to make plans for the 
maintenance of ui adequate supply of superior germ plasm Be- 
cause of the factors mentioned above, it appears that this is 
far more likely to piovc critical at an early date with dairy cattle 
than with any other class of livestock 

On the other hand, aitificial insemination offers dairy cattle 
breederb opportunity for constructive breeding such as is not en- 
joyed at the present time by any other group of livestock breed- 
ers With careful planning, artificial in'semination can be used 
as a means of dcN eloping superior families within the existing 
breeds so tint a constructive program of crossbreeding can be 
maintained Thus both the commercial industry and tlio pure- 
bred industry will benefit, although the purebred industry will 
find Itself greatly modified from its present condition It is, 
howe\er, highly iinpcratnc that plans for such an objcctne be 
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initiated at an early date The ica«ons for the last statement 
follow Cattle breeding mo\e3 slowly Artificial insemination is 
spreading rapidly and decreases the number of bulls required 
Artificial insemination associations have been depending largely 
on the purchase of proved sires from the outside Artificial m- 
‘^einmation is therefore, on the one hand creating an increased 
demand for proved bulls and on the other hand having a de- 
pressing effect on the production of registered stock from which 
proved sires arc produced Through carefully planned programs 
the as ociations could be both breeding and proving replacement 
sires 

Inbreeding Inbreeding is a sound method of improving the 
leading registered herds Inbreeding is a tool with which the 
skilled breeder can sort the better genetic material from the in- 
ferior There are various methods of proceeding with the devel 
opment of inbred lines and there are varying degrees of inbreed- 
ing It IS not known which is the best method of inbreeding it 
may differ from problem to problem The optimum level of in- 
breeding too may vary with different genetic materials The au- 
thor has used the following methods successfully in swmo and 
sheep breeding 

1 The foundation stock was selected with the greatest care 

2 The lines started were culled by lines early in the program, 
the least efficient were dropped 

3 The better lines were culled very severely from within but 
also expanded as rapidly as possible 

4 The lines were developed by a flexible system of inbreed 
mg The term flexible is u«cd to indicate that no «et program of 
procedure such as mating only full brothers to full si'tcrs or the 
use of only one or two sires m a single herd was followed in the 
development of each line Many full brother sister matings were 
made but some wider matings were al<50 made in the «ame line 
By a flexible system the breeder has the opportunity of speeding 
up the inbreeding when he has animals on hand that have proved 
their genetic worth and of slow mg it down when he is testing un 
proved animals This is more advantageous than following a 
fixed sjstem it gi\cs the breeder the opportunitj of using the 
judgment he should have gamed through his experiences In the 
authors opinion a breeders success or failure will depend to a 
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large extent upon his ability to exercise judgment and to follow 
through to definite objectives 

5 Only the most efficient producers regardless of relationship 
were saved as breedeis and mated The development of lines 
that rested on an ancestial foundation of reduced numbers of 
ancestors resulted The entne herd at the West Central Experi- 
ment Station rests on a foundation of two sows bred at the time 
of purcha‘=;e and one boar intioduced into these lines Fiom this 
slender foundation three lines, since reduced through recombina- 
tion to one, ^ve^e developed Tins procedure is typical of the 
development of all the Poland China lines 
The Second Cycle of Inbreeding When the coefficients of 
inbreeding reached about 30 per cent in the Poland China lines 
they were crossed in various combinations and the inbreeding 
began anew , one line known as the C line is in the third cycle 
of inbreeding It is clear that inbreeding in the second and third 
cycles can proceed much more rapidly than m tlie first and with 
a much higher degree of certainty, because the original inbreed- 
ing, if conducted successfully, should have weeded out many of 
the less desirable genes 

The new lines developed from the crossing of two or more 
original lines were superior to each of the parental lines The 
probable explanation is that each of the lines contributed some 
genes to the benefit of the new line 
The pattern by which the ^Iinnesota A and C lines were devel- 
oped from several inbied Poland China lines is portrayed by 
Fig 97 for the C line This line arose from seven inbred lines 
It is a line that has been put through three cycles of inbreeding, 
each cycle being followed by a cross and the cross by subsequent 
inbreeding 

The principle involved in the above procedure is the attempt 
to give segiegation increased opportunity to operate and, through 
careful perfoimance testing, to select the animals with nhicli to 
build the line This line is spoken of as a synthetic line since an 
attempt was made to compound the different lines into one line 
(the term synthetic line is used somc^^hat differentlj here than 
bj some plant breeders, what has sometimes been called a ‘Syn- 
thetic line \\ould be better labeled a composite, or pooled, lino) 
T\\o valuable lines within the Poland Chini breed were devel- 
oped by this process Each hne came to [ws^ess a high degree 
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of uniformity, and, m the in\ esligator’s opinion, each is an im- 
pro\ement o\er the parental stock In none of the Imes, how- 
ever, was it possible to make marked progress m correctmg 
major deficiencies in the parental stock and breed These de- 
ficiencies can be corrected to a lai^c degree only by making a 
wide outcro«s and inbreeding from that pomt (see gamete selec- 
tion, page 383). 

Foundation stocks ML. V 

The development 
of inbred lines 


Crossing of 
inbred lines 
Second cycle of 
inbreeding 

Crossing of inbreds 

The third period 
of inbreeding and 
synthesis of lines 

Fic 97 The development of the C line a synthetic line 

NEW LINES FROM CROSSBRED FOUNDATIONS 

The Minnesota No. 1 Line. The Minnesota No 1 line was 
developed from a crossbred foundation The first cross was pro- 
duced m 1937 from the use of a Landrace boar on six Tamworth 
lemales A second Landrace boar, two Landrace gilts, and two 
new Tamworth gilts were added to the herd m 1937 The breed- 
ing program for 1938 farrow was as follows. 

13 Fj gilts bred to 3 Fi boars for Fa litters 
5 Tamworth females bred to Fi boars for back-cro®3 litters 
4 Landrace females bred to Fi boars for back-cro=3 litters 
2 Tamworth females bred to the new Landrace boar for Fj 
litters 
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After the above crop of pigs nas weaned all purebred stock 
was disposed of and no new breeding was introduced Selec- 
tions were made on the ba^is of the records made m performance 
teats No attention was guen to type of car or other fancy 
points, although selection was gradually directed to red color 
Attention was given to conformation, such as light jowl and 
shoulder, quality, length of side, and shape of ham, these points 
of conformation are regaided by the author as part of a satis- 
factory performance 

During the first yeara that the herd was bred from within, the 
selection for a definite type and color could have been speeded 
up The reason for holding the process at a slower pace was to 
try to pick up as many desirable genes as possible from the types 
that would eventually be discarded Anderson (1939) has 
pointed out clearly the desirability of not proceeding at maxi- 
mum speed in punfication, because such a small percentage of 
the possible genetic couibmations are pioduced in most or 
Fz populations Ho pointed out clearly also the advantages of 
attempting to pick up all possible desirable genes from the paren- 
tal types even thougli the type sought is quite different from 
eitlier parental type 

Anderson’s scientific deductions arc m accord with the author’s 
experience in swine breeding It is the author’s observation and 
opmion that in the development of inbred lines from either pure- 
bred foundations oi cro&sbrcd foundations it is good procedure 
to slow down the progre&s of inbreeding markedly when the co- 
efficient of inbreeding reaches 15 to 25 per cent It is his opinion 
that, m general, the most effective segregation occurs at about 
this point in the inbreeding program The general inclination is 
to Wish to speed up and pass through this period of segregation 
us rapidly as possible This is the point in the program at w Inch 
the herd looks least attractive to visitors, at this point the stock 
is likely to be more criticized than at most other points in the 
program Tlie tendency in livestock breeding circles is to be 
especially critical of lack of uniformity m a herd On the other 
hand, this is the point m the breeding program at which the 
breeder has the opportunity of making the maximum use offered 
hun through segregation Therefore, he will do well to prolong 
the period of segregation but take advantage of segregation by 
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identifying and retaining the individuals that po‘>‘-cs>s the ncu 
combination of characteristics dcMrcd in tiie new inbred hne 
Selection on tlie basis of performance \uthin a closed herd 
automatically has the effect of rtilucing the ancc-tr) Fourteen 
animals utre u«cd to t‘‘tabh‘-h the found ition, but tbc number 

Table LIV REL.ATross>iiH (I’FKCtNTxri of Blood) of 
JIlNlsEbOTA ^0 1 llocs TO tOUNDATlOV AMMALS 

Rcliitionship, 


Animals i’tr Cent 

1&'2 First Landraco boar Ubctl 44 

12-79 Tarnworth female from Um\crsily of Saskatchewan 19 

1 of 3Q Tarnworth female from Iowa Stale College 23 

9 of 36 Tarnworth fcmalo from Iowa State Colligt 3 

13 10 Landraco female used m back cross 0 

T74It Tarnworth fcmalo from Uoiveruty of Mberta ummJ 

m back cross 3 


that contributed genes to the No 1 line was 'vutomaticilly re- 
duced to «!ix (Table LIV) 

Here, as m the Poland China hnc& the numhor of ancestors 
becomes reduced materially and rapullv from the number pos- 



Fiq 08 MinDC<«ta No 1 boara 


sible when the system of breeding is within a closed population 
and selections arc made on the ba^^is of performance Another 
point of interest and importance is that by this method of breed- 
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ing, type, including the little details, becomes fixed automati- 
cally. If, however, the breeder has some special desires regard- 
ing type of ear, snout, and the like, it is necessary for him to 
make a special effort to that end. 

The Minnesota No. 2. The Minnesota No. 2 line was started 
five years after the ^linnesota No. 1. It rests on a cross of a 
Yorkshire boar and thirteen females belonging to two inbred 



Fig 99. Miiinc:»ota No 2 boar. 


Poland China lines. A straight population was produced the 
following year but in the third year a back cross to the Poland 
China foundation was made for one-half of the litters produced 
because neither the F\ nor tiie F 2 possessed quite so much capac- 
ity for growth as was thought desirable. 

The No. 2 line was started for several reasons: 

1. To attempt to lepeat the results being obtained in the de- 
velopment of the No. 1 line. 

2. The Poland China lines used in the cro&s were very good 
in rate of gain and economy of gain, but weak in fertility and 
milk production. An attempt was therefore made to combine 
the rate and economy of gains of the inbred Poland China swine 
with the fertility and nursing abilities of the Yorkshire. Tlie 
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quality of carca«s produced by the inbred Poland China line was 
satisfactory but it ^\a3 hoped that a <till better carcass would 
result In this instance the task undertaken \v as somew hat more 
difficult than in the dcaelopmcnt of the Ko 1 line, for then the 
two parental breeds had more m common 

3 More genetic di\trsity was needed m the entire Minnesota 
swine breeding project to accomplish mo«t in the ultimate cross- 
ing of the lines 

By coincidence, the reduction m ancc‘‘tnrs in this Imc also 
brought the actual number to six foundation animals, the same 
as for the Minnesota No 1 line The pcrfonnance of the line is 
also about the same as that of the Minnesota No 1, although 
they are raised at different stations 
The Minnesota No I and No 2 lines arc fulfilling theoretical 
expectations in that they are crossing exceptionally well The 
hogs so produced gam rapidly, make the gams on a low feed 
intake, and yield superior carcasses with a high percentage of 
lean 

The U S D A Development of New Breeds of Swme In 
1934, the U S Department of Agriculture m cooperation with 
the Iowa Agricultural Experiment Station imported 23 Land- 
race hogs from Denmark A few Yorkshire hogs were aNo im- 
ported from Denmark and later Large Black swme were ira 
ported from England These imported ^trains were cro «cd with 
•standard breeds m this country in \anous combinations A 
number of back crosses followed and this was followed by in- 
breeding All the work was accompanied by rigorous selection 
on the basis of carefully conducted tnals for performance The 
work was conducted under the direction of Mr John Zeller 
Seven very promising new inbred lines or breeds ha% e been de- 
\ eloped A brief dcscnption of each of the lines and their theo- 
retical percentage of ancestry follows 
Montana No 1 (Landrace Hampshire) were developed from 
a cross of Landrace and unbelted Hamp hire The theoretical 
percentage of breeding is 60 per cent Landrace and 40 per cent 
Hampshire The strain is jet black which is tran«mittcd with a 
remarkable degree of prepotency The pigs are long bodied close 
to the ground and unusually tnm The line has been relea=ed to 
private individuals and is proving very popular for cro «mg pur- 
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poses. This line was developed at the U. S. Range Livestock 
Experiment Station at Miles City, ^Montana, in cooperation with 
Montana Agricultural Experiment Station at Bozeman. 



Fio 100 Montana No 1 females 


Beltsville No. 1 [Landrace-Poland China) is a lino that carries 
75 per cent Landrace breeding and 25 per cent Poland China. 
They arc spotted black and white, they have long bodies and 



Fio. iOl BcKsmUo No I. 


short legs. This line has also been released and is finding con- 
siderable favor for crossing purposes. 

Mamjland No. J {Landrace-BerkshiTe) is theoretically 63 per 
cent Landrace and 37 per cent Berkshire. The color is spotted 
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black and nliite They were dcccloped at Blakcford Farms, 
Queenstown Marjhnd, in cooperation with the 'Vlarjland Agri- 



Fic 102 Miiylmd \o 1 


cultural Experiment Station These hogs are long bodied, very 
trim, and look very promising for crossing purposes 

Beltsville No S (Danish Yorkshire^Duroc-Landrace^unbeltcd 
Hampshire) is a hght-red colored line that carries a relationship 



to the parental breeds of 60 per cent Danish Yorkshire, 33 per 
cent Duroc 3 per cent Landrace and 3 per cent unbelted Hamp- 
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shire They are an unusmlly turn and high-quality type of 
swine 

Landrace-Duroc-unbelted Hampshire carries a theoretical rela- 
tionship to its paiental breeds of 77 per cent Landiace^ 15 per 



PiQ 104 Landrace Duioc Hampshire 

cent Duroc, and 8 per cent unbelted Hampslnre They are red 
in color and like the others are long bodied and remarkably trim 
Landrace Large Black is a black strain carrying 75 per cent 
Lindiace breeding and 25 per cent large black 



I'lG lOo Landrace Larf,c Black 


I andrace Duroc is a red strain carrying a relationslup of 75 
per cent to the Landrace and 25 per cent to the Duroc parental 
breeds 
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black and white They were developed at Blakeford Fanns, 
Queensto\\n Maryland in cooperation with the Maryland Agn- 



Fio 102 Mar>laD<i \o 1 


cultural Experiment Station These hogs are long bodied, very 
trim, and look very promising for crossing purposes 
Beltsville No 2 [Danish Yorkshire Duroc Landrace unbelted 
Hampshire) is a light red colored line that carries a relationship 



Fig 103 BeltsviUe 2 


to the parental breeds of 60 per cent Danish Yorkshire 33 per 
cent Duroc 3 per cent Landrace and 3 per cent unbelted Hamp- 
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shire. They are an unusually trim and high-quality type of 
swine. 

Landrace^Duroc-iinbelted Hampshire carries a theoretical rela- 
tionship to its parental bieeds of 77 per cent Landrace, 15 per 
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cent Duroc, and 8 per cent unbelted Hampsliire They are red 
m color and like the others are long bodied and remarkably trim 
Landrace-Large Black is a black strain carrying 75 per cent 
Landrace breeding and 25 per cent large black. 



I'ic. 103. L.xDdracc-I.ari;c BIat.k. 


Landrace-Duroc is a red strain carrying a relationship of 75 
per cent to the Landrace and 25 per cent to the Duroc parental 
breeds. 
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The actual method of procedure in developing all the above 
lines with the exception of the Montana No 1 differed from the 
development of the Minnesota No 1 lines in that the original 
cross was followed by a senes of back crosses in an attempt to 
find the optimum levels of relationships to the parental stocks 
In the lines developed at Minnesota a greater confidence was 
placed in the opportunity offered by genetic eegregation A back 
cross to the Poland China was, however introduced m the Min- 



Fio 106 LaDdracoDuroc 


nc«ota No 2 m order to speed up come of the correction deemed 
necessary for an improvement of the foundation 

The basic features however by which the new breeds or lines 
were developed at the Minnesota Agricultural Experiment Sta- 
tion and by the U S Department of Vgnculture are ca«entially 
the same In both cases the parental stock consisted of cross 
bred foundations Performance testing was followed as a means 
of identifying the be»t segregating types within each crop pro- 
duced The best performing individuals and m many cases, the 
sires and dams of the bc«t performing individuals were retained 
for the further development of the line In each case the line was 
do ed eventually to outside breeding hence inbreeding was used 
which induced still further segregation 

Not All New Breeds Produced by Experiment Stations 
Most of the older breeds of livestock, and many of the more re- 
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New Breeds Produced by Industry ^ 

oently developed breeds, were, or are develop- 

enterpnse The general mclhoda o of 

merits have been very similar, ini'y .yitiun and selection 
different strains or breeds, breeding roi objectives 

of the desirable segregates In mos In very few 

and the methods of ’'.“{'“ureSers planned to capital- 

cases, if any, docs it appear that tlic n 

lie on segregation and the optimum percent- 

considerable effort was directed to breeds method 

age relationships to the respective P®"^" , oiotionship of a new 
13 known to determine the true bio og otter segregation and 
treed or strain to each of its parenta lee noting that back 

selection have been under way It is a ao .ntimum levels of rela- 
ctossing in an attempt to fix the ’ „.„vmg recombma- 

Ponshi; retards segregatron with 

tions rather than inducing and ““P'^®* j .j» were mentioned 
Several of the more recently develope jjoes of swine 

a Chapter XIV, and several of the new 

etc discussed in this chapter In a oo respective 

occasion to mention each new breed or develop- 
ments, as the emphasis here is on me ’ , this connection 

meats of the twentieth century are o i ^ ^jj^roosted Turkey , 
Cue of these is the development of > Beltsville White, 

oa the one hand, and the development o ^ypes 

oa the other The differences m weight between 

very marked , jg the widespread m- 

The other development referred to ^ Texas and the 

ferest on the part of the commercial favored m the 

Southwest m larger beef cattle ^ i ite cattle have found 

^nencan show ring The Zebu an i ^enes not found m the 

^considerable favor as sources for u^ r,y,„ctcr cattle of the La- 
^ntish breeds of beef cattle The r, Colorado, are a 

^"^ter Ranch, Falfurrias, Texas, and - ^ commercial firm 

product of this move, and an lUus ra ^ and the selec- 

•nixing the genes and then relying ^nds 

bon of new combinations to achieve Brahman sires 

In 1908 Mr Edward C Ensatcr " “'B®al.mnn, Ndlorc, 
«n Hereford and Shorthorn females a even- 

nnd Guzerat strains of Zebu were a 3 placed on t lo 

‘nail, rnterbrod, and emphasis m selection 
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following characteristics (1) disposition (2) fertility, (3) 
weight (4) conformation (5) thnttmes« and (6) milk produc- 



Fio 107 Yearling Beefmastcr heifers (Courte-y of Tom Lasatcr ) 



Fio lOS \ Bcofmasicr cow and calf (Courltsj of Tom I-osnttr ) 


lun Tht c amt cl aracttrutic*- ha<l pre\iou 1\ been empln- 
siitti in the Uttclopincnt of the ‘^tnins introduced into the Beef 
master Foundation bamplcs of the product arc illustrated m 
Fits. 107 and lOS 
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The Principle o£ Recombination. That there is no known 
method of making better genes cannot be overemphasized (Mu- 
tations have been produced artificially in plants and Drosophila ) 
The breeder lias the opportunity of improving his stock by sort- 
ing the better genes from the poorer ones, by introducing new and 
superior genes to his gene collection, and by regrouping the gene 
combinations The first of these three methods has received by 
far the major attention in animal breeding The second has been 
used extensively but not emphasized greatly Nearly all, per- 
haps all, our breeds rest on crossbred foundations of one kind 
or another, but this is generally dc-emphasized The third, the 
recombination of genes, has received practically no emphasis m 
animal breeding circles It is closely related to the second; in 
fact new genes must be introduced m order to give full oppor- 
tunity for a regrouping of the genes 
In the author’s opinion the regrouping of the genes offers the 
constructive animal breeder his greatest opportunity for im- 
provement It offers him also the greatest opportunity for retro- 
gression The total possible number of new gene combinations 
IS beyond calculation because there is no way of knowing how 
many crossovers may occur or the size of the various allelomor- 
phic series Even if crossovers or allelomorphic senes are not 
taken into consideration, the possibilities for reorganization are 
almost beyond the imagination The pig is credited with 19 
pairs of chromosome&, if then wc are dealing with only 1 pair of 
gene differences for each pair of chromosomes, there is the pos- 
sibility of producing 524,288 different kinds of gametes, and 
1,162,261,467 different genotypes Because there are many genes 
on each chromosome, allelomorphic scries, crossovers, and gene 
interaction, the possibilities for finding better gene combinations 
become practically unlimited The probability that the best gene 
combination has been found or will be found m the near future 
IS remote 

A striking illustration of the possibilities in constructue breed- 
ing through the principle of recombination is to be found m con- 
trasting the results of U\o different objcctucs m the University 
of Minnesota swinc-bretding research One project has as its 
objective the breeding of svvmc that will rcacli market weight m 
a minimum of time and >ct produce a high-quality product at a 
minimum of expense The other project, a Hormcl Institute- 
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Fia 109 A m mature p>g vveiglt 6 pound* at 238 da\8 Contrast with 

Fig no 
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University of Minnesota project, has as its objective the devel- 
opment of a miniature pig to furnish a low-cost, easily main- 
tained pig for medical research The foundation stock for the 
latter was drawn from three different sources, all of which were 
small-sized swine, but not as small as the early segregates, sev- 
eral of which weigh 40 pounds or less at 154 days Figure 109 
illustrates one of the miniature pigs that weighed 12 pounds at 
56 days, 40 pounds at 154 days, and 76 pounds at 238 days In 
contrast, Fig 110 is a litter of Minnesota 1-3 incross swine, 15 in 
number, that at 140 days weighed 3,032 pounds, an average of 
202 pounds 

The very vastness of the possibilities for improvement through 
recombination offers equal opportunity for regression or for the 
breeder to become lost in the process If, however, the breeder 
keeps a few definite simple fundamentals in mind there is little 
excuse for becoming lost They are 

1 Have some definite objective, or objectives, in mind 

2 Introduce outside genes for a definite purpose 

3 Draw the outside genes from a source that the breeder has 
reason to believe will supply what is wanted 

4 Use inbreeding as the seed producer uses the fanning mill 
to separate the chaff, the weeds, the damaged seeds, the light 
seed, and the foreign materials from the sound seed 

5 Set up a testing program designed to reveal as accurately 
as possible m which of the above classifications each animal be- 
longs 

6 Be prepared to cull heavily and early both individuals and 
lines 

The Testing Program Records for performance testing are 
discussed earlier in this chapter, but the environmental condi- 
tions under which the records are gathered are of equal impor- 
tance The race track provided an ideal proving ground for the 
race horse, the desert piovidcd an equally ideal environment for 
the dc\clopinent of the Arabian horse, an animal with remark- 
able stamina 

If animals that possess maximum alnhty to forage for them- 
selves over the open range arc wanted, the open range is the ideal 
proving ground for the dc\cIopmcnt of such a line, the deeply 
bedded box stall is scarcely the appropriate environment On 
the other hand, under m inj conditions there is more profit m 
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rearing livestock under more favorable environments than the 
open range In general, the most profitable swine, poultry, and 
dairy production takes place under a favorable environment, 
approximating pampered conditions Here the type of animal 
wanted is one that w ill respond readily to this kind of environ- 
ment 

A line developed under either of the above conditions is not 
likely to prove adaptable to the other environment, therefore, 
the breeder should decide at the outset what his objective is 
Merely to set out to breed better animals is far too vague an 
objective Having a definite objecti\e m mind, the breeder needs 
to devise a proving ground suited to that objective 

PROPOSED BUT NOT FULLY TESTED METHODS FOR THE 
DEVELOPMENT AND IMPROVEMENT OF LINES 

A Simplified Procedure for Developing Inbred Lines In 
a research program it is usually necessary to study many details 
in procedure and records that become impractical when the prin- 
ciples developed from the research are put into practice The 
author has, therefore, been working on plans for a simplified and 
more economical method of developing inbred lines To date, 
the system has been used only in sheep breeding and in one 
poultry-breeding project where the author has served as a con- 
sultant The scheme embodies pedigreeing from the female side 
only Females are, therefore, lot-bred, a group of females bemg 
turned with two or more carefully selected males 

The advantage of the system appears to be considerable sim- 
plification m procedure and time involved in contrast to making 
individual matings In addition, there appears to be an ad- 
vantage in getting a higher degree of fertility than is obtained 
when one male is used m lot breeding 

A disadvantage of the system is, of course, that a detailed 
record with regard to the sire used is not available Exact esti- 
mates of the coefficient of inbreeding can never be obtained, nor 
can a complete pedigree be written of the stock produced From 
a genetic standpoint neither of these cnticisms is particularly 
important The important job m livestock breeding is to produce 
supenor stock with a hi^ degree of regularity An objective 
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in the development of inbred lines is to develop inbred lines that 
are of optimum value and to do this witli a minimum of expense. 
If the breeder’s system of selection is as successful as it should 
be, and he naturally is striving for that, then he should select a 
greater proportion of the offspring from the more or most useful 
sires used. Hence, the genetic results should be the same, re- 
gardless of whether the progeny can or cannot be pedigreed in 
relation to their sire. The simplified method does, however, pre- 



Fio. 111. Minnesota No. 100 sheep, a breed “m tlic making,” resting on a 
foundation of Kambuuiitct, border Lciccsier, and Clicviot Another illus- 
tration of Asorking for a resorting of the genes and a test of recording un- 
ccsitry from tiic femalo side only (Courtesy of Waller Hunt ) 

vent the continued use of the proved sire, but, if the program 
of selection is such tliat his sons and daughters arc retained, the 
net results should be the same. 

A further advantage of this system of breeding appears to be 
that it encourages a more severe culling of the les.s fit, particu- 
larly witli respect to fertility. The most serious problem en- 
countered to date in the development of inbred lines has been a 
loNvering of the degree of ferliUly, due particularly to hick of sex 
tlrivc on tlie part of males. Tlic proposed sy.stcm ajipeare to 
offer an advantage of tending to emphasize sex drive by auto- 
matic selection. The male with the greatest amount of sex drive 
will be tlic one that sires most of the offspring. The tendency 
in iiand mating to encourage tlie use of slow-breeding males, 
and, for that matter, slow-breeding females, in order to retain 
^ome desirable characteristic posscssetl by tlicsc Ics-s active indi- 
viduals. 
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The author has been using this system in the de\ elopment of 
three new breeds of sheep, and he is convnnced that the method 
IS practicable and at lea^t as effective as matings made under the 
complete pedigree sjstem Actually this is a verj old method 
of livestock breeding The Scotch breeders of Hill sheep have 
used this method for many years Moreover, they have used it 
with a high degree of succe'^ Some of the very best flocks of 
sheep m the world are to be found m the hands of the Scotch 
breeders who have followed essentially this system Thej, of 
course, have not 'elected on as careful a plan of performance 
testing as should be practiced m a modem breeding program, 
but under their conditions m which the sheep for the most part 
feed on the 'cant forage of the hills a very good proving ground 
la provided 

The Back Cross Backcrossing is the roatmg of Fi to one of 
the parental types, this is usually repeated for «everal genera- 
tions and followed by inbreeding The purpo«e is to attempt 
the transfer of some desirable characlen'tic from line B to line 
A It IS usuall> attempted m casea where the breeder has a line 
'trong in most respects but that needs improv ement m one char- 
acteristic In that ca'e line A is cro'aed to a line that is espe- 
cially «trong where line A is weak Dunng the backcroasing 
especial care is given to selection of individuab that possess the 
trait introduced by B 

The back cross method has been used successfully by many 
plant breeders Some of the older animal breeders used it to 
advantage but for the mo t part animal breeders have not been 
especially sjstematic in its u'e 

The back cro»s has been the forerunner of gamete selection, 
convergent improvement and recurrent selection A discussion 
of these methods follows 

The back cross has also been used in several instances in an 
attempt to find the best proportion of relationship to retain to 
the two parental types A and B This necessitates backcroso- 
ing sev oral limes to both parental types to find the optimum re- 
spective relationships to be retained Under special circum- 
stances, such as the development of the Santa Gertrudis cattle, 
there is a reason for this method of procedure In the case of 
the Santa Gertrudis the attempt was to mamtam enough Brah- 
man breeding to give the new stock a protection against heat 
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and ticks Serious objections to this type of backcrossing are 
that it IS time consuming and it fails to give segregation the 
optimum opportunity of working 

Gamete Selection Stadler (1944) suggested a method of im- 
proving inbred lines of corn which he called gamete selection 
The method of procedure was 

1 An inbred line of known performance is exposed to gametes 
from an open-pollinated vanety 

2 The seed from the cross arc grown 

a As many Fi plants as there are gametes to study are 
selfed 

b Pollen from the selfed plants is used in crosses with 
tester stock which is compared with crosses of the paren- 
tal inbred X tester The purpose of this is to identify 
gametes that have improved the inbred line 

3 Seed from the plants which cross to best advantage are then 
used as the basis for further breeding and selection 

The basic principle involved by the proposed method is to ex- 
pose a fixed inbred line to mixed pollen from an open-pollinated 
variety By careful observation, the most desirable crosses were 
marked and the seed saved for further testing A gamete or sev- 
eral gametes that complemented the inbred line to advantage 
were thereby picked up from the open-pollinated stock and even- 
tually incorporated in the line 

The metliod proposed by Stadler is one that has been used vi 
substance for many generations by constructive livestock breed- 
ers It IS well known that Lovejoy used this method very effec- 
tively m the breeding of outstanding Berkshire swine some years 
hence Lovejoy is credited with never introducing a complete 
outcrosh in his hcnl, be usually preferred to buy a female or two 
and mate her or them to his fa^o^Itc sire and then, if the results 
were promising, use either a son or grandson of the outcrops m 
the herd In this way, according to Lo\cjoy, “new blood” was 
introduced into tlic herd gradually 

In tra\cls m Britain tlic author found that tlio-c wliom lie 
considered tlie outstanding brcciicw of llill sheep had for genera- 
tions followed a similar b>‘*tcm Thej, according to their stor>', 
made it a practice nt\cr to buj a sire or sires, Imt occasionally 
would bu> one or «e\cril females, then sons or more likely grand- 
sons of these mitings would liecomc herd sires The author 
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found the same basic principle being used by the outstanding 

Aberdeen-Angus breeders of Scotland 

It IS true that the technic of procedure is slightly different in 
the above illustrations with animals from Stadlcr’s technic with 
com The basic principle, however, is the same, namely, the 
search for a gamete or severil gametes that will complement the 
genetic structure of the herd, flock, or line Technics must, from 
necessity, vary from species to species, dependent upon both bio- 
logical and economic factors 

Gametic selection is essentially a ‘Mre«‘«ed up” old method 
of breeding Nevertheless, it has been a very successful method 
of improving livestock and of mamtammg a herd in a high state 
of genetic perfection and in a rather stable manner Dunng 
recent years, the method Ins received very scant attention from 
animal breeders It is a method that offers the opportunity of 
holding what the breeder has and yet reaching out m an attempt 
to improve that line without seriously endangering what he has 
already built in the line Animal breeders will do well to revive 
interest m this method, that applies to both the breeders m the 
field who are breeding outstanding herds of pedigreed stock and 
to the experimental breeders who are developing and attempting 
to improve existing inbred lines 

The Synthesis and Pooling of Lines Hayes and Garber 
(1919) suggested the possibility of using wliat they terra syn- 
thetic varieties of com The term is used as a description of a 
complex hybrid made up of several mbred lines or single crosses 
propagated as a variety in isolation and with open pollination 
Sprague and Jenkins (1943) also worked on synthetic lines and 
concluded that (1) synthetic lines yield approximately the same 
performance as well adapted open pollinated varieties and (2) 
synthetic lines seem to have Iheir greatest usefulness as tempo- 
rary substitutes in areas where adapted double crosses arc not 
yet available and also as a reservoir of desirable gene combina- 
tions 

Hayes, Rinke and Tsiang (1944) made a more critical study 
of the possibilities of so called synthetic lines They tested 
twenty inbred lines m all possible combinations The eight lines 
which gave the highest average yield m single cross combina- 
tions with each other and which represented wide genetic diver- 
sity were chosen as the basis of a synthetic line Samples of the 
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eight inbreds were mixed and planted in an isolated plot m 1941 
The synthetic variety was for three years compared with one of 
their best hybrid corns and with several open-pollinated vari- 
eties The over-all results were that the synthetic variety 
yielded slightly but not significantly better than the hybrid line, 
but better than the open-pollinated varieties 

Kinman and Sprague (1945) developed a formula for deter- 
mining the most efficient number of lines to be used in a syn- 
thetic variety They came to the conclusion that four to six 
lines appeared to be the most efficient number 
A major objective of the plant breeders as described above is 
the maintenance of a hybrid state in a variety over an indefinite 
period of time The term pooled would better describe the pro- 
cedure outlined A synthetic line is better illustrated by the 
process by which the ^Minnesota C line of swine was developed 
In this case, the crossing of the two or more inbred lines is fol- 
lowed by sufficient inbreeding to raise the Ie^el of liomozygosity 
to the level pos«cs«ed by tlie lines put into the new variety The 
development of a new breed from a crossbred foundation of two 
or more other breeds is a process of synthesis rather than a pool- 
ing of the breeds or lines Tiie two methods have some similarities 
but differ in objcctucs and in procedure 

The Application of Synthetic and Pooled Lines in Animal 
Breeding If we assume, and tlicrc is sufficient reason to do so, 
that the development of new breeds from two or more old stocks 
or breeds is accompanied by some Qeacttc purifier iron, then the 
proceas by winch the breeds were built is one of synthesis It, 
therefore, is an old method of animal breeding The combining 
of two or more inbred lines into one new mbred line that la as 
Inghlj purified as the average of tlic foundation lines is a new 
method of utilizing ajntiicsis in animal breeding It has already 
been ustcd bufficKuUy to recommend its further utilization 
The pooling of ac\cral lines has nc\cr been tcatcd m livestock 
A rather large number of mbred lines arc in tlic procc»s of devel- 
opment — so man> that tlicir m iintcnance as distinct lines may 
prove costly On the other hand, dropjnng them completely may 
reault m the* lo.'-s of vahnble genes A pooling of seven! lines 
that rt'it on soineuh it common backgrounds may m some cases 
provide a solution to the problem 
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Convergent Improvement Cunttrgtnt uiipniNcmcnt was 
first propo-td l)> lUcht> (1927) as an aid m lio- 

tween two theories of the c iu*iC of livbnd MRor ami an a nittlioii 
of improeing inhrtd Urns of rum witlii lit atlirjng llitir combin- 
ing \aluts Ilichtj and bpraRtie (1911) rt|M)rte*l that inbretl 
parents could be inipruectl b\ this tiicthod Tlit mctho<t in bntf 
13 as follows Two inbrcil lines anti H rro s well but the 
de«irc is to nnpro\c Inith of Uic lines The litits arc rron-etl to 
produce an Ft The is b ickero—*id to tncli rectirrcnl parent 
lb (a-/j) X A and (A It) A B Hie n.-.uUing o(T-pring art m 
t icli ca'“C fctltctetl \cr\ c'ircfiill> for tlu rimracleri'»lics of the 
non recurrent parent A" for iubtanct the ( !•/!» X 1 pi^Rin> 
arc selected for the pO'vS'Csxion of It ch‘»^allln^tl^s am! in like 
manner, the (vl It) xB pn Rt»> art mIicIisI for jux-'C-sion of 
A characten tics The re i-on for this is the atuinpt to incor- 
porate genes from the B line into the I conijilcx of gents ind to 
incorporate genes from I into tlu It line Tlu bnekero'^mg is 
continued (or sescnl gcncmtnns with continued ^'election for 
charactcriatics of the non recurrent pirent toltowing bick- 
croasmg the modtnesi hues ire mlmd for MMn! gcncnlmns 
and then teeted fur combmmg lblht^ with c ich other 
Murphy (1912) reported that it was |>ov>ihle to make marked 
miproecmcnt in the lines as regard** Mp*>r 'ind other desirable 
clnractcristics and llul (he yield** if the reco\ercti lines were 
significantly higher in cro«fes than were tho e lietwecn the origi- 
nal parents 

Con\ergcnt improecnient api>careel m the cirly lO-lOs ns a 
^c^y promising mctliod for tho impmeement of inbred lines of 
com It liowceor lus not lx.tn generally ucctptetl is a practical 
method of miproemg inbred lines of corn Other methods appear 
to be offering corn breeders greater opportunities for con«tructi\e 
work 

The benefits from ci n>crgcnt iinproeemcnt would ippcar to be 
dependent on the accumulation of a greater number of genes hae- 
mg additiee effects ratlicr than any major improvement in com 
bming ability between the two lines It would not be “urjirising 
if convergent improvement were to prove of more jiractical bene- 
fit to animal breeders than it ippcars to li i\ c been to com breed 
ers because it is so much more important in animal breeding than 
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in com breeding that the inbred lines be good performers them- 
selves 

Recurrent Selection. The principle of recurrent selection de- 
veloped out of convergent improvement Hull (1945) proposed 
the principle as a method of developing inbred lines of corn that 
would cross to better advantage than those developed by past 
methods. 

The principle involved is designed to take greater advantage 
of the interaction of genes and the resultant overdominance by 
selecting inbred lines during their developmental process for the 
purpose of better complementing each other Although recurrent 
selection is in some ways an outgiowth of convergent improve- 
ment, the success of each depends upon different basic principles 
in achieving ultimate desirability Tlie success of convergent 
improvement is dependent pnmanly on the ability of the breeder 
to accumulate a greater number of genes having additive effects, 
whereas, in recurrent selection, the ultimate success is depend- 
ent upon the accumulation of genes m two different parental lines 
which interact to increased advantage 
The method proposed by Hull consists, essentially, of recurrent 
selection from a crossbred population for combining ability with 
a single highly purified line, labeled the tester The tester seed 
should come from a line that has been proved for general com- 
bining ability It should be a desirable inbred line which is rela- 
tively homozygous 

The seed source or the crossbred population may be from a 
common variety or from a cross of varieties or a cro'js of superior 
mbred lines It is important that it possess considerable breadth 
of ancestry and heterozygosity 

The technics of procedure as outlined by Hull are with some 
modifications the rather standard technics of com breeding. Tlie 
basic principle involved is to test individual vigorous plants from 
the crot>‘'bred population in crosses v\ith the tester (purified) line 
At tlie same time, sclf-fcrtihzation is practiced on the crossbred 
plants that are used to fertilize inbred jilanU After the test 
of the combining ability of the different plants, the crossbred 
plants that combined beat with the tester stock are saved for 
further breeding They arc inbred by selfing at the time the 
plants arc croased indivulually with the tester stock This proc- 
cas IS continued over a number of generations, the principle being 
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to pull out of the crossbred stock a combmation of genes that 

combines best with tlic tester stock 

Comstock et al (1919) suggested m iinpro\cd method of using 
recurrent selection, which they mined reciprocal recurrent selec- 
tion The method proposed was to dceelop two stocks simulta- 
neously and select both stocks for their ability to combine with 
each other The method may be described bnefi> as follows 
Two open-pollinated stocks or two different crossbred popula- 
tions, labeled A and D, are to lie developed ■'O as to complement 
each other in crosses Specific plants from stock /I arc cro‘"Scd 
to a number of plants belonging to stock li, and, in like manner, 
a number of plants from B arc u«cd to pollm ite plants from A 
By this method of procedure it is possible to find plants in each 
stock which combine unusually well with the other stock All 
plants are selfcd, and the pollen from the plants is tested m 
crosses with the other line The seeds from the scifed plants that 
have perfonned best in crosses arc saved for breeding This 
process is continued for a number of generations The objective 
m this procedure is to build up m line A and m line D gene com- 
plexes that complement each other especially w ell and w ill, there- 
fore, build each of these stocks so that it w ill cro«s unusually w ell 
with the other one Recurrent selection is developed to take ad- 
vantage of gene interaction or specific combining ability 

For several reasons tlic application of recurrent selection to 
animal breeding appears to be much more difficult than its appli- 
cation to corn breeding One reason is that its advocates gen- 
erally admit that the over-all effect on the mbred lines them- 
selves will be somewhat deleterious, in contrast to the over-all 
effect to be expected from convergent improvement, because se- 
lection IS made on the basis of the ability to combine with an- 
other stock rather than to build up desirable gene complexes in 
the inbred line itself The latter procedure puts more emphasis 
on building up additive gene effects for vigor The lowering of 
performance in an inbred Ime of livestock is far more senous 
economically than it is m com It is al«o far more serious bio- 
logically because the animal breeder docs not have the degree of 
fertility to work with that most plant breeders have He cannot 
greatly lower the degree of fertility and still maintain his stock, 
irrespective of the financial problem 
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A further complicating factor is that, if any. scheme of selection 
is to be effective, the breeder must have sufficient individuals so 
that the program of selection will allow him to discard indi- 
viduals rather freely. Recurrent selection carried out so as to 
allow the breeder enough individuals to select effectively will re- 
quire more individuals than most animal breeders have at their 
disposal. One reason that so many individuals will be required 
for him to carry out a program of recurrent selection effectively 
is tliat the cliaracters that have given animal breeders the great- 
est amount of trouble during inbreeding have been fertility and 
survival. In order to test for fertility and the ability of the 
mother to bring her young to sexual maturity, it will be necessary 
for the animal breeder to test crosses of the two recurrently se- 
lected lines as breeders themselves. In the meantime, he must 
retain the individual parents of the crossbred stock that needs 
to be tested as breeders. This procedure will inactivate a suffi- 
ciently large number of individuals to make the scheme quite 
difficult. Since the parental stock must be saved until their cross- 
bred progeny are tested as breeders, the effect is to slow down 
materially the advance of generations. This also increases the 
expense of the project. 

It is possible that with time and the application of ingenuity 
some short cuts or abbreviated methods of applying recurrent 
selection to animal breeding will be developed. Theoretically, 
the method offers possibilities. There is at this writing some 
question as to its practicability. Very likely tlic method will be 
given a test in the years to come. It is to be hoped that several 
experiment stations will give the method a comprehensive trial. 
To give it a tliorough trial, large numbers will be required in 
order to allow for tlie possibilities of selection for all character- 
istics. It would be extremely fortunate if at least three experi- 
ment stations were to cooperate in a trial of this kind; each sta- 
tion to undertake the development of two inbred lines but each 
of three stations to undertake tlic development of two different 
inbred lines. If all three stations were successful in their pro- 
grams, the cud result should be the development of six very use- 
ful lines and lines that might be worked out ver>' successfully 
in a scheme of rotatiojial crossbreeding using incro.ss male.s. 

At the same time, if llirce stations were to undertake tljo ex- 
periment independently it should furnish a satisfactory test of 
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the feasibility of this method of developing mbred lines of live- 
stock for crossing The problem, however, becomes more com- 
plicated as the degree of fertility decreases It is entirely feas- 
ible that, if the method proves workable in com, it may also be 
workable in poultry, and yet may not be workable, because of 
the difficulties mentioned above, m four-footed farm animals 
Then again, this plan or another plan may be workable in swine 
but not in sheep or cattle because of the differences m degrees 
of fertility 

THE MAINTENANCE OF A LINE OR HERD 

After the superiority of a closed herd or line has been estab- 
lished, it becomes of major importance that the herd or line be 
maintained m the status quo genetically, or at least with no 
deterioration or marked genetic fluctuations which so often follow 
outcrosses Once a superior line has been established, it is im- 
portant that the stock be maintained in the status quo for a con- 
siderable period of time to allow breeders to draw on the herd, 
and to provide a constant stock for long-time research m fields 
other than genetics 

The author has been working on this problem since 1947 At 
that time It was decided to attempt to hold the Minnesota No 1 
foundation herd m the status quo The plan decided on was to 
continue intensive selection on the basis of performance but to 
use about ten boars each year Table LV gives a summary of 
the production of the herd five years later A test of this type 

Table LV Perfobsiancb op tub Fodndatiov Herd of Minnesota 
No 1 Swine Fifteen Years after the Herd Was Closed and Five 
Years after Initiating tub Plan op Using Ten Herd Boars Each 
Year 


Number of SORB 37 

A%erage age of SORB 21 4 

A\ crage mbreedmg of dams 0 37 

A\eragc number pigs bom alive 10 19 

Av crage number pigs leaned 8 84 

A\crago weamng weight, pounds, 56 days 44 26 

Average 154-day wei^t, pounds 198 10 

AveragefcedperlOOpoundsofgam weau- 


316 00 
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needs to run for ten or twenty generations, but the data accumu- 
lated are very encouraging 

AN OVER-ALL PROGRAM 

The most important recent contributions to animal improve- 
ment indicate clearly that the most productive commercial ani- 
mals will be produced by some system of crossing, that improved 
lines for crossing will come from a program which combines 
crossing, careful performance testing, and inbreeding, and that 
genetic diversity is a big factor m promoting hybrid vigor 
These indications provide matenal for very serious thought 
and planning by those designing long-time programs for im- 
provement After'sight is always better than foresight, other- 
wise there would be no need for research a fair criticism may 
be made, however, of all programs for the development of inbred 
lines and their ultimate uses m crossing with which the author is 
familiar that they arc organized on too narrow a genetic base 
and they have grown too much as “Topsy” grew That was ex- 
cusable m the past, because the researchers were working for 
leads and openings and were forced to work with materials on 
hand 

In the light of experience with this type of work and m the 
light of research m corn breeding new programs should be or- 
ganized about as follows 

1 Draw on rathei widely divergent sources for genetic ma- 
terial 

2 Obtain as much information as possible regarding the char- 
asteristics of each of the genetic matenals to be used 

3 Obtain as much information as possible regarding the re- 
sults of crossing the different foundation stocks 

4 Airango the foundation stocks so that tho«e combined for 
the development of inbred lines will not be crossed later on with 
themselves Such a plan is illustrated in Fig 112 The illustra- 
tion simplifies the problem, because actually not all the lines 
started will be developed into u«5cful lines nor will all the new 
lines cross to advantage If, therefore, the plan can be multi- 
plied bv 2, 3, 4, or 5, tlic likelihood of its success will increase 
proportion itcl> 
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It IS not to be expected that the completely perfect crossing 
combination of lines will ever be dcNclopcil For lint reason, 
effort will always be needed to further improve lines for crossing 
Once, however, three good cro-Mng lints become identified, it 
appears that the breeder will probably make more progress by 
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Fig 112 A plan for the (le> clopmcnt of mbred lines from crossbred foun- 
dations yet basing lines that differ m their genetic backgrounds 


improving his existing bnes that arc already crocking well than 
by starching for entirely new lines For the improvement of the 
lines being need, any one of the methods suggested and di=cu«scd 
in this chapter offer* po««jbilitic>» 

Incross Males Incro-s animals are produced by cro'sing two 
recognized inbred lines Incro«s males are finding considerable 
favor with commercial producers They are more vigorous than 
inbred males Being more vigorous, they will take somewhat 
rougher treatment and appear to be doing a somewhat better job 
of gettmg females settled 
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If incross males prove to be the most satisfactory method of 
utilizing inbred lines, the program outlined above will require 
some expansion, si\ inbred lines or breeds will then be required 
to carry out the complete program Since, as outlined above, 
each inbred line was to anse from the crossing of two breeds, 
this program would necessitate the use of twelve breeds at the 
outset It does not appear that it would be practicable to carry 
the program to that extreme If, however, twelve promising 
breeds, each of which differed from the others, were available 
as foundation material, it should offer maximum opportunities 
It does not appear, however, that tins is likely to be the case 
For this reason, some slight overlapping of breeds may become 
necessary and, in some cases, the incross males may best be pro- 
duced by crossing two inbred lines within a single breed This 
then allows the wider cross to be made by the commercial pro- 
ducer 

Final Summation of Both New and Old Methods In the 
final analysis breeding is an attempt by man to gam control over 
the gene combinations used Man does not know how to make 
or even to modify genes at will, therefore, tlie breeder’s job is to 
gam a mastery over tliosc already m existence All old and 
new methods arc designed to that end, in some manner or other, 
all of them use one or more of tlie breeder’s three tools — cross- 
breeding, inbreeding, and selection It is not likely that there 
IS, or c\er will be, any one best method 

The breeder and critic alike should always keep m mind, liow- 
e\er, that the final appraisal of the value of a mctliod or line of 
breeding must come from what it will do on the job for which 
it was designed 
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Glossary 

Aberration. An irregularity in chromosome distribution during hetero- 
typic or homotypic cell division 

Abortion. A miscarriage durmg prenatal development 

Acquired character. A change of the structure or function of an organism 
which has been brought about during the life of the individual 

Allelomorph. One of a pair of contrasted factors occupying the same 
locus in homologous chromosomes and determining the development 
of Contrasted characters 

Anastomosis (vascular). The union of two normally distmct vascular 
systems 

Atavism. The appearance of ancestral characters in an mdividual, char- 
acters possessed by ancestors less distinctly removed than m reversion. 

Autosome. Any chromosome other than the sex chromosomes 

Back cross. A cross between a hybrid and either of its parental types 

Balanced lethals. Lethal factors located m chromosomes of opposite 
gametes and each lethal closely linked with the normal allelomorph 
of the other lethal Thus crossing-over is infrequent, and generally no 
obvious harm results from the lethals 

Biometry. The branch of science dealing with the statistical investiga- 
tion of organic differences 

Bivalent (chromosomes). A pair of homologous chromosomes 

Breed. A group of individuals having a common origin, and possessing 
certain distinguishing characteristics not common to other members 
of the same species 

Breeding. The art of improving animals and plants 

Cell. Any one of the minute protoplasmic bodies of which an orgamc 
tissue 13 built 

Cervix (uteri). The neck or lower end of the uterus leading into the 
vagina. 

Character. One of the many details of form, structure, substance or func- 
tion which, taken collectively, constitute the indi\ idual 

Chromatin. TJie principal substance from '\liich chromosomes are 
formed, so called because of the readmess Mith winch it becomes 
blamed by certain d>cs 

Chromosome. A minute structure composed largely of chromatin, having 
a rather dcfmito and characteristic size and shape at certain stages of 
celt dc\cIopmcDt, the cell of each spectee containing a definite numi>er 
of chromo'-omes (In certain opccics it may be that one sex has one 
more chromosome than the other} 
i09 
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Colostrum The milk, produced for n few «hi>a after parturition, carry- 
ing a higher percentage of protem and minerals thoo later drawn milk 
Cytology The study of the cells, with c*pcciil regard to their mtemal 
structure 

Cytoplasm The cell protoplasm ouUulc the nucleus 
Dam The female parent 

Development The complete growth ih)bical mcnlAl, and functional, 
of the individual Irom /ertihaalion to matunly 
Diluting factor A minor factor wluch by itself has no noticeable effect 
but wluch Icssscns the effect of another factor 
Diploid The condition m which both members of each chromosome i air 
are present, the chromosome number whicli usually and normally 
occurs in the somatic cell of a species twice the gametic or haploid 
number 

Dominant A term applied to the member of an allelomorphic pair which 
manifests an effect wholly or partly to Uie exclusion of the cfft'ct of 
the other allelomorph 

Dominance Dominance may be complete partial absent or greater Uiao 
complete In the latter cose it is known as ovcrdominance and u due 
to the Aa condition yielding more than AA 
Drosophila The pomace or fruit fly 

Egg The ovum or female germ cell 
Environment The sum total of the external influences 
Epistatic That condition m which one factor procnls a factor other 
than its allelomorph from exhibiting its normal effect on the dci elop- 
ment of the individual 

Factor A umt of inheritance occupying a definite locus on one or both 
members of a definite chromosome pair the presence of which is re- 
sponsible for the development of a certain character or modification 
of a character of the individual which possesses that genotype, a 
determiner or gene 

Family A group of individuals wilhm a breed all of which hate pedi 
grees which trace directly in the female hue to a common ancestress 
called the foundress of the family At times U'^cd in reference to the 
male line of descent m which case it is used interchangeably with 
Ime of breeding 

Fertility The ability to produce normal young 
Fertilization The union of male and female gametes 
Foetus The unborn young dunng about the last two-lhirds of its de- 
velopment within the uterus 

Gamete A mature male or female productive cell 

Gametogenesis The process by which mature sex cells are developed 
from the primordial germ tract 
Gene See Factor 
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Gene complex. The balanced state of several (perhaps many) genes which 
collectively affect a given cliaracter or group of characters 
Gene interaction The action of different genes upon each other 
Genotype An individual's constitution as regards the factors composing 
its germ plasm, the hereditary factors which it may transmit to its 
offspring 

Germ cells See Gamete 

Germ plasm The cell protoplasm which is the material basis of heredity 
and IS transmitted from one generation to another 
Gonads The glands which produce tlie reproductive cells 
Grade. An individual, one of whose parents is a purebred, usually the 
sire, and the other a scrub or grade 

Haploid The usual chromosome number occurrmg m the gametes in 
which only one member of each chromosome pair is present, one-half 
the diploid number 

Hermaphrodite. An individual possessing both male and female sc'c 
organs which are capable of functioning 
Heterotypic division The true division of reduction by which the 
homologous chromosomes arc separated into different gametes 
Heterosis The increased stimulus for growth and vigor often exhibited 
by the crossbred individual, hybrid vigor 
Heterosygote. An individual which Ins resulted from the fusion of 
gametes carrying allelomorphic genes 
Heterosygous A condition m which the homologous chromosomes carry 
dissimilar genes 

Homologous chromosomes The members of a chromosome pair 
Homozygote An individual which has resulted from the fusion of gam- 
etes carrying identical genes 

Homozygous. A condition in which the homologous ciiromoaomcs cany 
similar genes 

Hormone. A substance produced by one organ, supposedly earned b> 
the blood stream to another orgm or tissue on which it has a specific 
effect, it may atimuhle or inhibit functional activity, depending upon 
its nature 

Hybrid An individual resulting from the mating of individuals belong- 
ing to different genotypes 

Hypostatic That condition in which a factor is prevented from exhibit- 
ing its normal effect m the development of the individual due to the 
pri'icncc of some factor other than its aJItlomorph Contrast with 
cpistatic 

Inbreeding The mating of related individuals 
Indigenous. Native not iDtro<lurtd from foreign temtory. 

Inheritance (genetic). The traasinisaion of genetic factors from pircat 
to offspnng 

Inter se. Among UicmMlvcs 
In utero In the uterus 
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Lethal Dcstnictne ol lilc 

Line of breeding A ralhrr jodifimlc term somcwliat loo-cb aiv 
plicil to a group of individuals which liave dcwcndcil from one indi- 
vidual, u«cd more frcqucntlj and corrcctlj vritli rcfcrciuc to male lima 
of descent More recently il is used lo d« ign itc an inbred and do ely 
related family 

Linkage A form of inlicritanrc m which certain genes tenl to remain 
together m the process of wgrogation and lranfcmi'^'‘ioii from one gen- 
eration to the next owing to their being located on the wme cliromo- 
some 

Locus (pi loci) A definite point or region m a chromosome at which a 
genetic factor la located 

Metabolism. The ab&orplion and utilitalion of the digcafed nutrients for 
the building of body tisjue or for bodily functions and al o the break- 
ing down of bodily tissue into non hving matter 
Multiple factors Two or more faclore all of winch are needed to pro- 
duce a maximum effect 

Mutant An individual the genotypic constitution of which differs from 
that of its parents and ancestors because of a definite change m the 
germ plasm not brought about by segregation or crovung-over 
Mutation The process by which a mutant is produced 

Neolithic An early stage of human culture or development following 
the Paleolithic period the later Stone \gc 
Nucleus That part of the cell wliicli u located more or loss centrally 
and contains the chiomaltu 

Oogenesis The process by which npe germ cells arc produced by the 
female 

Ovotcstis A gonad part of which is composed of ovarian tissue and the 
rest of testicular 

Ovum (pf ova) The female germ cell 

Paleolithic The stage of human culture or development preceding the 
Ncohthic period the early Stone \ge the earliest known stage of 
human culture 

Pedigree A list of the individuals ancestors usually only those of the 
five closest generations 

Phenotype An mdividuals constitution m regard to the visible char- 
acters contrast with gcnol}rpe 

Prepotency The ability possessed by certain indiv iduals to impress their 
characteristics upon their off«pnng to a marked degree 
Produce A females offspring 

Purebred An animal which is registered or eligible to registration in the 
record books of its breed it is the descendant, m all lines of its 
ancestry of individuals of the same type as itself 
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Pure line A strain that has resulted Irom continued inbreeding, the in- 
dividual members of which are closely related and highly purified 

Recessive The opposite of dominant 

Reversion The appearance in an individual of a character possessed by 
Some distant ancestor 

Scrub An animal of nondescript breeding and having no definite type, 
a decidedly mfenor individual 

Segregation The process by which genetic factors become separated and 
included m different gametes by the process of gametogenesis 
Sex chromosome A chromosome other than the autosomes and one 
which has been identified with one or the other of the sexes, one 
member of a pair of chromosomes which differ morphologically or 
physiologically from the autosomes and carry a factor or factors for 
sex 

Sex limited Applied to characters which are exhibited by one sex only 
Sex-lmked AppUed to factors located on the sex chromosome or to the 
characters conditioned by them the linkage of a factor with the 
factor or factors concerned with sex determination 
Sex ratio The proportion of males to females of a population 
Sire The male parent 

Soma The body in contrast with the germ or germ plasm 
Somatoplasm The body tissues 

Species A group of animals or plants which have m common one or 
more distmctive characters by which they may be differentiated from 
other species a subgroup of a genus but usually including several 
breeds or varieties 

Spermatogenesis The process by which npe germ cells are produced 
by the male 

Spermatozoon (pi ‘spermatozoa) The male germ cell, the sperm cell 
Sterility Inability to produce normal li\mg joung 
Strain A rather loose terra appherl to a group of individuals within a 
breed and differing in one or more clnrnctera from the other members 
of the breed, for example, the Milking Shorthoma or Polle<l Herefonis 

Tetraploid Double the diploid number of cJiroraosomcs clianctcnstic of 
the species 

Tribe V combinaton of one or more families the foundresses of which 
trace in the ft.raalc lino to a common ance tress which is the foundress 
of the tnbe 

Type An ideal prcsumoblj cmboiKmg aU the characters conlnbutorj to 
the ammds \aluc for “^mc certain purpose or purposes 


Univalent An uapnircd ciiromosomc Contrast wiili bivalent 
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Achondroplasiaj, 129 
Achondroplasiag, 129 
Adrenal glands, 69 
Age, fertility and, 313 
effect of, on body form, 281 
of first breeding and, 314 
Agouti color, inheritance of, 126 
Allantois, S9 
Allelomorphic series, 106 
Amnion, 89 
Amphimixis, 104 
Animal breeder, tools of, 6 
Animal breeding, defined, 6 
Egyptians and, 18 
histone background, 13 
Animal mipro\omcnt, ancients and, 

20 

Bakc\\cll,23 
by Bnlish royalty, 22 
by English carls and dukes, 23 
Industrial He\oIution and, 23 
Animal industry, size of, 2 
Animal proilucts, farmers’ cash in- 
come, 2 

foreign competition, 2 
per capita, 3 
substitutes for, 1 
Animals, axtrage merit of, 3 
farm, origin of, 17 
function of, I 
merit of, and profit, 1 
Anterior lobe, 07 
Aruba, Btdouin, 20 
Anstoile, 21, 33 

Arkun'^ ccpcrimcnt m griding, 305 
Artificial in-^miin ilion, 327, 319 
advinligts of, 327 
co^t of, 320 
rfiicicnry of. 300 
n» fowl. 3oS 
bnuuiioru of, 320 

115 


Artificial insemination, management 
of sires, 357 
organization for, 330 
saiiitaiy precautions, 356 
uses of, 327, 362 

Backcross, 382 
Bakewell. 23, 240 
mclbods of, 24 
Bates, 27 

Beefmastcr cattle, 375 
BcltsviUe No 1 hog, 371 
Dcitsville No 2 hog, 372 
Biological science, contributions to, 
34 

dcxclopmcnt of, 33 
Dreed aDal>si5, 202 
dcxclopmcnt of, 23 
of Duchess Shorthorns, 293 
summary of, 294 
Breeding cxcle, 01 
season of, 03 

environment and, 6-1 
Breeding superior animals, general 
procedure, 0 
BulbO'Urcthral gkind, 43 
UuII'dog calf, 129 

Carcass quality, body form and, 283 
Cbonon, SO 

Chromatin, interchange of, 55 
Chromosomis, Cl 
acccs^ory, 112 
tna|X'<, 115 

mcchani'in of Kgrcgation, 105 
numbLni, 52, 210 
Collmg broth«r«. 27 
Color, inhtriLancc of, in cattle, 101 
m fowl. 125 
in hor^s, 120, 121 
Columbia Jibccp, 277 
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Dnarf cattle, 137 
mice, 139 
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Congenital loco, 130 
Convergent improvement, 386 
Corpiu luteum, 60, 74 
Correct!! e matings, 289 
Correlated characters, 159 
Correns, 35, 102 
Comedale, 277 
Cowper’s gland, 39 
Crisscrossing, 254 
Creeper in poultry, 130 
Crossbred foundation for new lines, 
366 

Crossbreeding, 6, 237, 247 
beef cattle, 260 

adverse conditions, 263 
Shaw and MacEwan, 260 
crisscross, 254 
dairy cattle, 266 
experimental, 24S 
foundation oi new breeds, 275 
general consideration, 272 
inbred lines, 26S 
Illmoia study, 258 
Iowa expentnenU, 255 
Minnesota studies, 248 
objectives, 237 
poultry, 266 
rotation, 254 

selection of breeds for, 270 
sheep, 264 

studies outside USA, 257 
US DA experiments, 256 
Crossing over, 55, 114 
Cruickshank, 221 
Cryptorcbids, 40, 71 

Dairy production, records, 32 
Darwin, 34 
Dawn horse, 13 
Development prenatal, 81 
de Vnes, 35, 102 
Dexter cattle, 129 
Dioeslrum, 65 
Domestication, 15 
Dominance, 103 
over, 120 
partial, 120 
Ductus deferens, 43 


Ear-notching system, 167 
Egyptian age, 18 
Embryonic penod, 91 
Environment and heredity, 8 
importance of, 10, 11 
Epididymis, 41 
Epistasis, 122 

Epiteliogenesis imperfecta, 129 
Elstro^n, 72 
Evolution, 13, 14 
Evolutionary changes, 96 

Fj ratios, calculation of, 109 
Factor (tee Genes) 

I Fallopian tubes, 46 
I Farm animals, ongin of. 16 
Femininity. 290 
Fertility, 309 
age and, 313 

age of first breeding and, 314 
environment and, 318 
failures of 319 
heredity of, 311 
importance of, 309 
nutrition and, 316 
sperm, dead and abnormal, and, 
325 

sperm concentration and, 323 
sperm molihty and, 323 
spcim re'=piration and, 324 
testing for, 321 
type and, 313 
Fertilization, 38, 76, 79 
Foetal membranes, 88 
nutrition, 92 
penod, 92 
resorption, 130 

Follicle-stimulating hormone, 67 
Foreign competition, 2 

Gama, rate and efficiency of, 184 
Galliers, 26 
Gallon, 34 

Gamete selection, 383 
Gamctogenesis, 51 
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Genes, action of, 117 
ailditi\e effects, 118 
tomplcmentarj*, 125 
idcntificutioD of, 35 
interaction, 120 
linear order of, 115 
manifohl ilTccts of, HI 
modifiers, 121 
multiple, US 

several siflcctinR same character, 
117 

Genetics, population. 290 
Genital orpins, extern il 50 
fern do, Fallopian tubes, 10 
ovanes. 14 
uterus, 40 
vagina, IS 
vulva, 4S 
male, 39 

bulbo'Urcthral, 13 
ductus deferent, 13 
epididymis, 11 
prostate, 43 
BctoUim, 39 
testes, 30 
uicthra, 43 

vcsiculfie semtnalcs, 43 
Genotype, 163 

Germ cells, 38, 51, 53, 57, 70. 330 
primordial, 51 
proliferation, 52 
viability, 78 

Germ plasm, building superior, 361 
Gljcolysis by sperm, 324 
Gonads, development of, 49 
differentiation, 70 
Graafian follicle, 57, 74 
discovery of, 33 
Grading, 302 
beef cattle, 304 
dairy cattle, 303 
genetic changes by, 302 
limitations of, 307 
Gteeks, 21 

Gudgcll and Simpson, 222, 289 

Hazlett, 222 
Herdbooks, 28 


IlcrcUily, 8, 35, 91 
control of, 11, 100 
environment and, 8, 03 
maternal influences, 100 
physical basis, GO 
role of, 01 
llcntabihty, 153 
estimates, 15G 
llctero'.is, 258 
in natural populations, 293 
Hormones, 65 
interrelationships of, 74 
Hybrid Vigor, 121, 241 
Jones's theory, 213 
ovonlommaiicc and, 246 
Powers’ theory, 244 
Hvpophysis, CG 

Imped ince bridge, 321 
ImphnlatiOD. 80 
Importation of animals, 28 
Improvement, economic importance 
of. 1 

over-all program, 301 
Inbted line, maintenance of, 300 
simplified procedure of develop- 
ment, 380 

Inbreeding, G, 37, 204 
coctlicicnts, 218 
calculations, 219 
cycles of, 365 
defined, 204 
early studies of, 36 
effects of, 205 

expenments, early, 224, 227, 231 
farm animals, 36, 227 
from crossbred foundation, 197 
general summary, 233 
kinds of, 310 
King’s rats, 225 
lines for crossing, 268 
measure of, 213 
practice of, 221 
reasons for, 206 
Kcgtonal Laboratories, 232 
I use by breeders, 221 

use m improvement, 364 
I Wnght guinea pigs., 226 
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Incross males, 392 
Independent ai^ortment, 107 
Industrial Uc% oluUon. effect on ani- 
mal improvement, 23 
Intersexes, U4, 146 

Lctbals, 12S, 3C1 
animal breeding and, 140 
catalogue of, 131 
importance of, 140 
in yellow mouse, 12S 
Linebreeding (*ce Inbreeding) 
Linkage, 112 
Litter tests, 170 
Livestock show, 31 
suggestions regarding, 285 
Loco congenital, 130 
Loveioy, 223 
Luteinuing hormone, 67 

Mao'land Ko 1 swine, 371 I 

Masculmity, 290 I 

Matings, conective, 259 
Mendel, 35, 102 
Mendel’s laws, 35 
early attempts at application, 33 
extensions of, 111 
objective, 102 
Mesonephric ducts, 49 
Metanephroa, 49 
Methods, old and new, 393 
Metoestrum, 65 
hlinnesota No 1 siTinc, 366 
Minnesota No 2 swine, 369 
Mullerian ducts, 49 
Muscle contracture 130 

New breeds developed by the in- 
dustry, 374 

Oestrom, 65 
Oocytes, 57 
Oogenesis, 52, 57 
Oogonia, 57 
Ovanes, 44 
Ovary hormones, 72 
Overdommance, 246 
Ovulation, 60 


Ovum, pas-sigc down oviduct, 81 
period of, 86 

l*cms, 41 

Perfonnance, carcass quality and, 
181 

early recognition of, 33 
of beef cattle, 181 
of dairy cattle. 180 
of poultry, 3 
of sheep, 177 
of swine, 167, 106 
Phenotype, 153 
Pincy Woods swine, 238 
I Pitocin, 68 
I Pilrcssm, 68 
Pituitary, 66 
Placenta, 01 
Polar body, 57 
Polled, inheritance of, IM 
Polygenes. 165 
Pooled lines, 334 
Population genetics, 206 
Populations, natural, 206 
Posterior lobe, CS 
Prenatal development, 81 
importance of, S7 
Prepotency, 207, 2S9 
indications of, 200 
Procstrum, 65 
Progesterone, 74 
Pronephros, 40 
Pronucleus, 81 
Prostate, 43 
Proved sires, ISO, 182 
Puberty, 62 
Purebred breeding, 2S0 
standardization, 175 
testing, 379 

Purebrods, future of, 300 
imported to America, 28 
philosophy of, 30 
registration, 287 
grading for, 295 
m Denmark, 2S8 
selective, 2S7 
spreading of, 30 
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Recapitulation, theory of, 94 
Recombination, principle of, 377 
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